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Those even slightly troubled waterproof bond specifications 35-56, Type I,can take comfort. 
You can surpass them with two Cyanamid Adhesive Resins! 


NEW MELURAC 305 With persistent upward revisions 
BETTER—AND adhesive requirements, are 
COSTS MORE! announce MELURAC 305, 

aconsiderably improved melamine- 
urea-formaldehyde adhesive resin, increase price! 


For fully waterproof bonds, surpasses specifications, 
even with woods most difficult bond—such heart 
gum—and with short immediate assembly times. Its 
super boil resistance easily takes the double cyclic four- 
hour boil. MELURAC 305 non-staining, easy handle, 
cures moderate temperatures, and can used with 
catalysts for cure rates low hot-press urea resins. 


AMERICAN CYANAMID COMPANY 
PLASTICS AND RESINS DIVISION 
32-B Rockefeller Plaza, New York 20, 
Canada: Cyanamid Canada Limited, Montreal and Toronto 


Offices in: Charlotte Chicago Cincinnati Cleveland Dallas Detroit 


UP-GRADE UREA For less stringent applications, 
ADHESIVES WITH 401 can used up-grade 
CYMEL® 401 urea resins water resistance, ex- 
tend assembly time 
safer use higher ambient temperatures. 
resin 401, unmodified 
resin adhesive, goes even farther exceeding values 
the most demanding commercial and military 
tions for exterior marine grade plywoods. 


For further information either these exceptional 


hesives, please call your nearby Cyanamid adhesive pert, 
write: 


Los Angeles Minneapolis New York Oakland Philadelphia St. Seattl 
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Jeter Eason, Memphis, Tenn. 
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Berry, Burney, Calif. 


Past President 
Kaufert, St. Paul, Minn. 
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Frank Rovsek, Madison, Wis. 


Regional Board Members 
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Warner, Warren, Ark. 
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Saunders, Westbrook, Me. 
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Allegretti, Chicago, Ill. 
Northwest 
Veazey, Jr., Butte, Mont. 
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Dickinson, Richmond, Calif. 


Publications Committee 
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Edward Locke, Madison, Wis. 


Editorial 


Editor 
Hamre, Madison, Wis. 


Editorial Assistant 
Sandra Parrini 


THE FOREST PRODUCTS JOURNAL 
published monthly the Forest Prod- 
ucts Research Society, Box 2010, 
University Station, Madison Wisconsin. 
Second-class postage paid Madison, 
Wisconsin. 


Annual subscription rate, $15.00; single 
copies $1.00, except October Yearbook 
Number, $4.00. Annual subscription rate 
$11.25 with voting, associate, and sup- 
porting memberships the Society. Re- 
mittances should made payable the 
Forest Products Research Society. 


addressed the Editor, the 
Executive Office. The Society not 


for views expressed 
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PARTICLE BOARD 

Particle Boards: Their Classification and Composition.......... 
There single “best board” “best Type material 
(flakes particles) and number distinct layers determines board 
properties. 

Preservation Particle Board and Hardboard with Pentachlorophenol...... 
Sodium pentachlorophenate added the resin expands the markets 
for particle board without affecting its physical properties. 

CONSTRUCTION 

Practical, Low-Cost Roof Framing for Light 

Prefabricated glue-nail trusses standard spans reduce first costs and 
provide unobstructed space for modern commercial and farm opera- 
tions. 

GLUES AND GLUING 

Surface Texture Wood Related Glue-Joint Strength................ 
develop full wood strength end-gluing, need know more 
about the influence wood microstructure and adhesive properties. 

SEASONING 

Moisture Movement Beech Below the Fiber Saturation Skaar 352 
Moisture moves vapor and bound water. Improvements wood 
drying require more knowledge about how controllable factors affect 
these mechanisms. 

Roof Your Lumber and Increase Your Profits..W. Clark and Headlee 19-A 
Roofed lumber dried faster and better than unroofed control piles. 
Reduced seasoning losses more than paid for the roofs. 

DEPARTMENTS 

Around the World Forest Products 23-A 

Review FPRS Papers 

Meet FPRS’s 100 Company Supporting 33-A 


Send Copy Friend 


IMPORTANT FPRS DATES 


Feb. 1959: Rocky Mountain Section 


Forest 
Meeting, Ft. Collins, Colo. orest Products Research Society 


Box 2010, University Station 
Madison Wisconsin 

Please send free copy 
FOREST PRODUCTS JOURNAL with 
compliments the persons 


Feb. 2-3, 1959: Pacific Northwest 
listed below: 


Section Meeting, Coos Bay, Ore. 


May 1959: Joint Eastern 


tion Meeting, Ottawa, Ontario. 


June 1959: Thirteenth 
National Meeting, San Francisco, 
Calif. 
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DEPENDS No. 545 DOUBLE-END TENONER 


Wood cabinets for kitchens manufactured Morgan Company, 
Oshkosh, Wisconsin have many exclusive features. One 

these the Morgan self-aligning lock joint which 

makes assembly easy holds cabinets true and square. 


These joints are cut the cabinet end-panels the rate 

600 per hour the Greenlee No. 545 Double-End Tenoner 
shown above. Necessarily, close tolerances are utmost 
importance. average run 20,000 pieces, plant officials 
say the Greenlee “545” will hold .008” all times. 


Set-ups are easily and quickly made. Swinging pressure 
beams give complete access the cutting heads, reducing 
minimum. 


Let show you how the Greenlee No. 545 Double-End 
Tenoner can cut costs your plant. Write today for 
complete information. 


Put Profit Your Woodworking with Greenlee Machines 


4 
ROCKFORD, ILL. 


BROS. CO. 


DECEMBER, 19°8 


GREENLEE SPECIALIZED MACHINES PRODUCE GREATER PROFITS 
MORGAN 
AVE. 


BELTS 


production 


speed 


length, coated abrasive belts in- 
crease production and reduce 
costs modern woodworking 
plants. Wide belt feed rates run 
from 100 fpm. For cutting 
down all kinds laminated panels 
polishing thin veneers, Behr- 
Manning coated abrasive belts are 
custom tailored specific ma- 
chines and tasks. 


Constantly exploring and developing new products and methods, 
engineers may help you speed production, save you 
time and money. There are well-equipped Tech" Methods 
Rooms ready help solve problems demonstrate new techniques in: 
Atlanta, Boston, Buffalo, Chicago, Cincinnati, Cleveland, Detroit, 
Grand Rapids, High Point, Indianapolis, Los Angeles, Teterboro, 


Camden, San Francisco, Seattle, St. Louis, and Brantford, Canada. 
Main office and plant: Troy, 


BEHR-MANNING Co. 


TROY, NEW YORK 
DIVISION NORTON COMPANY 


BEHR-MANNING PRODUCTS: Coated Abrasives Sharpening Stones Tapes 
NORTON PRODUCTS: Abrasives Grinding Wheels Grinding Machines Refractories Electrochemicals 


Canada: Behr-Manning (Canada) Ltd., Brantford. For Export: Norton Behr-Manning Overseas Troy, U.S.A. 
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FOR POWDERED LIQUID ADHESIVES 


The Black Brothers stationary cold glue mixers are made 
ina full range capacities from 500 gallons. They 
are the result expert engineering combined with years 
practical experience glue equipment manufacturing. 
Their many special features include: (1) Sifter for glue 
powder (2) Double agitators which give beating 
action resulting the smoothest possible mixture 
the least possible time (3) Pressure lubrication (4) Cut 
steel and lapped (5) Large quick- 
acting valve bottom. For full information write today 
for Bulletin 11-I. 


TWO-WAY AGITATION 


the right partial view gallon cold 
glue mixer arranged with variable speed drive 
and water jacket. The covers have been re- 
moved showing accessibility for cleaning, and 
also the double agitator arrangement. Note the 
thick double walled tank permitting free cir- 
culation water for cooling the glue batch. 


PORTABLE MOTOR DRIVEN GLUE MIXER 


The Black Brothers portable motor driven cold glue mixer 
exclusive Black Brothers features such powder 
sifter, two-way agitation, and specially shaped flat paddles 
give beating action the agitator. addition this con- 
venient, portable mixer has hinged arm that may swung 
allow the pail inserted removed. This mixer 

being used extensively the mixing catalysts and 
hardeners. Write for Supplement Bulletin 


THE BLACK BROTHERS CO., INC. 


MENDOTA ILLINOIS 
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Volume 


State the Society, 1958 


EMPHIS, 

TENN., Dec. 
15. Following 
our annual custom 
would like give 
you, our members, 
brief report 
Executive 
Board’s stewardship 
for the current year. 
Before doing so, 
however, would 
like first acknowledge the fine ef- 
forts the men who make your 
Executive Board, Section, and Division 
leadership. During our recent two-day 
meeting Chicago, all eleven our 
regional representatives 
were present. They met the first eve- 
ning until well after 10:00 p.m.; and 
started again the next day 9:00, 
taking time only for lunch. Not com- 
pleting all the business hand, they 
agreed meet again our new head- 
quarters Madison late January. 
believe that their record attend- 
ance and constructive work, for which 
they are way reimbursed, should 
recognized and appreciated all 
us. 


EASON 


New FPRS Home Madison 


New Executive Office Building 


Our greatest single achievement dur- 
1958 was the construction and 
cupancy our new Executive Office 
This was made possible 
material and financial aid more 
400 individuals and companies 
our Society. Our staff 
you will see the following 
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pages) now happily located their 
new home, surrounded environ- 
ment numerous species fine 
woods and wood-base materials, well 
harmonizing office furniture. now 
appears that our building will 
100% paid-for with the exception 
minor property assessments the close 
business, December 31. Thus, 
five years we, the members FPRS, 
have acquired property that valued 
$72,000. 


Operating Finances 


DUES 
SUBSCRIPTIONS 


Where the money comes from 


PUBLICATIONS 
51% 


ADM. 
CLERICAL 
ADVERTISING, SALARIES 


207. 
and where goes 


The year 1958 was trying one, 
financially. While measure at- 
tempting minimize our publication 
other services our members, 
strove develop income about 
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Number 


PRESIDENT’S COLUMN 


947 #8 49 50 S253 55 56 S7 5B 


Income vs. expenditure years 


$90,000. now appears that our ex- 
penditures will exceed income about 
$2,000. Although are non-profit 
Society, normally attempt de- 
velop reasonable cash surplus toward 
future need. This will one our 
objectives 1959. Our inventory 
office furniture and equipment, worth 
$10,000, added our building raises 
the net asset equity each member 
about $23. brief idea how our 
income and disbursements are distrib- 
uted illustrated the accompanying 
charts. 


Membership Levels Off 


After ten years appreciable mem- 
bership increase, 1958 also witnessed 
leveling off FPRS total membership 
about 3,700. From what have 
been able observe the experience 
other technical societies, this was 


4 000 MEMBERS 


Membership growth years 


—$——=} 
70, 
34000 
20%, 
SALES 
Ere 3 


the general slowness the industrial 
economy. should add that our efforts 
obtain new members continue un- 
abated, and any assistance our mem- 
can give this task will 
sincerely appreciated. 


Our Office Staff 


Our executive office staff, under the 
direction executive secretary Frank 
Rovsek, has grown from part-time 
its first year, 1947, 
total eight persons today, which 
two are employed half-days. descrip- 
tion their varied duties follows, but 
want pay special tribute 
their fine team-work and efforts our 
behalf this time. 


Our Publications 


Journal pages published each year 


Our Forest JOURNAL, 
which serves the several individual 
segments our industry well the 
interests both the scientific, tech- 
nically-trained, and the non-technical, 
production members the Society, has 
increased stature and world recog- 
nition with each succeeding year. 
1958 published total 1,000 
editorial pages. 


12th National Meeting 


research and development, 
all fields endeavor, essential 
that participants able meet from 
time time share information, re- 
view progress, and plan for the future. 
This year, our 12th National Meeting, 
held Madison, was attended 650 
men and women. Our vote thanks 
certainly due our outstanding pro- 
and arrangements committees for 
providing with another technically 
and financially successful meeting. 


Our Sections 


All our Sections were active 
during the year, and personally en- 
joyed visiting seven their meetings 
during the latter half 1958. Our 
Sections are the our Society, 
pumping the life blood responsible for 
the continued health and growth 
FPRS. 


Our Divisions 


Our Divisions, together with their 
numerous sub-committees, serve some 
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2,000 affiliated members directly and 
the entire membership indirectly. Their 
which cover im- 
portant research and development 
progress that has taken place during 
the calendar year, are published an- 
nually our February 
particular note, during 1958, was the 
enlargement the work our Indus- 
Division incorporate 
sub-committees each the Sec- 
tions for the purpose cooperating 
with the National Lumber Manufac- 
turers Association and local universities 
and industries program encour- 
age promising high school students 
take careers the forest products 


industry. 


What the Future 


becoming increasingly apparent 
that, are carry out fully the 
objectives our founders envisioned 
back 1947, are going have 
grow both numbers 
Certainly industry that comprised 
more than 50,000 separate sawmill, 
lumber, plywood, composition board, 
woodworking, furniture, pulp, paper 
and miscellaneous wood products in- 
dustries, should able sustain 
technical society many times our pres- 
ent size. envision the day when 
FPRS will number 10,000 members, 
and through resultant economies will 
position render even greater 
publication, personalized, 
graphic service its members than 
presently able do. While our 
progress has been inspiration be- 
hold, have barely began scratch 
the surface. 

Again, appreciation you for 
your devoted interest, and sincere 
best wishes for the year ahead. 

President 


Members Urged Pay 
1959 Dues 


FPRS Members should now 
receiving invoices for their 
1959 dues. The Executive Of- 


fice urges all members send 
their remittance for dues 
payment and choices Divi- 
possible. 


“Southeastern Section” New 
Florida—Georgia—Alabama Name 


The Sec- 
tion has recently changed its name 
nounced recently. Section members 
voted the change mail ballot, and 
the change was officially approved 
the president. 


Area Timber Resource Review 
Discussed Nov. Meeting 
Rocky Mountain Section 


The Fall Meeting the Rocky 
Mountain Section was held Nov. 
the Albany Hotel Denver, Colo., 
Lincoln Mueller, Section Secretary re- 
ported. 

Mr. Troxell was first speaker the 
program and discussed the joint FPRS- 
program attract students 
the forest products industries. out- 
lined the curriculum Colorado State 
University and the facilities the for- 
est products laboratory for training 
students. Earl Priegel, Forest Service, 
spoke the results the Timber 
Resource Review they applied 
timber resources the central Rocky 
Mountain area. 

The results timber harvesting re- 
search, including skyline-crane tests, 
underway the Rocky Mountain For- 
est Experiment Station were discussed 
Francis Herman. Moving For- 
Russian film, was also shown 
Mr. Herman. 

Fred Malcolm, USFPL, gave 
illustrated talk the afternoon ses- 
sion, improving the efficiency and 
quality sawmill production. The 
American Forest Products Industries 
tree farm program the Rocky Moun- 
tain area was discussed Alan Miller, 
regional manager the association. 

During the business meeting, the 
Section voted hold meeting Feb- 
1959, conjunction with For- 
esters’ Day Activities Colorado State 
University and the opening the new 
forest products laboratory. 
Troxell, Colorado State University, 
was asked arrange the meeting 
chairman Robert Bader. 


NAMES THE NEWS 


Alfred Stamm has been named re- 
search associate professor wood tech- 
nology the School Forestry North 
Carolina State College, was announced 
recently. Dr. Stamm’s appointment wil! 
effective July 1959. subject mat 
ter specialist with the Forest Prod 
ucts Laboratory, Stamm co-author 
the book “Chemical Processing 
which was published 1953. 

John Veach, president, 
Corp. America, was re-elected 
ident American Forest Products Indus 
tries, Inc., the association’s annua 
meeting Washington, C., Nov. 


Elected the new post Assista: 
Secretary-Treasurer for the Californ: 
Redwood Assoc. Willard Pratt. 

Four persons have been appointed 
three-year terms the Technical Ad\ 
sory Council the University Ca! 
fornia’s Forest Products Laboratory. 
Co., Sacramento; Ralph Hodges, Jr., 
ester, Big Bear Timber Co., Sacrament 
Bryne Manson, product development 
gineer, Simpson Redwood Co., Arcat 
and Alfred Smith, general manag 
Union Planing Mill, Stockton. 
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NLMA Chooses New 


NEW OFFICERS elected the NLMA 
annual meeting, Nov. Washing- 
ton, C., are (1. r.) Thomas McHugh, 
Atlantic Lbr. Co., first vice president; Robert 
Ingram, Miller Cedar Lbr. Co., pres- 
ident; and Floyd McGowin, Smith 
Lbr. Co., board chairman. 


Operating Policies Drawn 
Recent Nov. NLMA Meeting 


new statement operating 
cies and procedures highlighted the 
1958 annual meeting NLMA direc- 
tors and committees, Nov. 
Washington, The policy state- 
ment outlines the 
tion major national issues. 

Central theme the policy state- 
“the principles and fundamentals 
competitive private enterprise, individ- 
ual initiative and responsibility, and 
just rewards for productive 

Attracting major interest 
meeting were plans for the first 
operation the new National Wood 
Promotion Program. The Promotion 
committee, under the chairmanship 
Hood, authorized establishment 
National Wood Council coor 
dinate the promotional programs all 
wood-industry organizations. 


can made the control panel with- 
out touching the carriage. 

Through the use master poten- 
tiometer, possible one adjust- 
ment alter all settings exactly the 
same degree correcting accuracy fol- 
lowing saw changes adjustment 
the carriage knees. optional control 
the push-button sawyer station. More 
information available from the Mill 
Equipment Inc., 5219 First Ave. 
South, Seattle Wash. 


See page for more 


New Products Listing 


EMPLOYMENT SERVICE 


The FPRS Employment Service op- 
erated without charge service 
members. Companies institutions with 
positions filled individuals seek- 
ing employment may participate this 
program inserting free two 
consecutive issues the 
UCTS JOURNAL. Inquiries concerning em- 
ployment listings ads placed 
the JOURNAL should addressed 
FPRS Employment Service, Box 
2010, University Station, Madison Wis. 
Correspondence kept confidential. 


Positions Offered 


E-324—Project engineer needed 
form product design work substantial 
importance. Will work under supervision 
Product Development but will have 
considerable latitude for independent action 
and decision. Will occasionally supervise 
one more persons detailing, model- 
making, and testing. (Dec.) 

E-325—Assistant Manager wanted for 
department dealing with product planning 
and development large southern lumber 
Forestry desirable 
with major wood utilization indus 
trial engineering. degree preferred 


E-327 Experienced sales manager needed 
tor Po tix Coast sawmill 
Must 


abinery manu 
roven sales 


hesives. For the last years has worked 
wood preservation specialist bamboos 
India Forest Products Laboratory. Fa- 
miliar with electron microscopy. Received 
M.S. degree with honors. Educated 
India. Age, 28. pay own expenses 


No. 495—Position desired research 
product development with firm producing 
laminated structures, plywood, similar 
products. Holds B.S. applied sciences 
and will complete work M.S. wood 
utilization January 1959. Has research 
experience lamination. Prefers South 
Southeast location. (Dec.) 


No. 496—Production engineer with 
wood technology wants relocate. Has 
seven years industrial experience pro- 
duction supervision, planning and schedul- 
ing furniture manufacturing, plant lay- 
out and construction, machine set-up, in- 
dustrial painting and hydraulics. (Dec.) 


No. 497—Product development, sales, 
promotion position desired wood tech- 
nologist. Experienced logging, hard- 
board, production and sales. Holds B.S. and 
forest products and has completed 
requirements for Ph.D. Currently 
duction supervision and setting national 
distribution outlets. Age, 31. (Dec.) 


No. 498—Graduate forester desires posi- 
tion sales promotion editorial work. 
Experienced forestry, technical writing 
wood preservation. Has published 
trade magazines, produced company litera- 
ture, and trade association proceedings. Ex- 
perienced selling, warehousing, traffic 
and purchasing. (Dec.) 


No. 499—Position desired large mill 
making diversified wood products. Has un- 
usual mechanical ability. Holds B.S. 
wood utilization. Experienced the devel- 
opment new products, new treating solu- 
tions, and plant production. 1954 was 
recipient NLMA-TECO summer 
scholarship. (Dec.) 


No. research, technical 
service, promotion desired wood 
Has eight years experience 
the management research programs, with 
emphasis preservation. Experienced 
operation commercial treating plant 


(Dex ) 
Nw 


Postion if quality control 
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the general slowness the industrial 
economy. should add that our efforts 
obtain new members continue un- 
abated, and any assistance our mem- 
bers can give this task will 
sincerely appreciated. 


Our Office Staff 


Our executive office staff, under the 
direction executive secretary Frank 
Rovsek, has grown from part-time 
operation its first year, 1947, 
total eight persons today, which 
two are employed half-days. descrip- 
tion their varied duties follows, but 
want pay special tribute 
their fine team-work and efforts our 
behalf this time. 


Our Publications 


Journal pages published each year 


Our Forest JOURNAL, 
which serves the several individual 
segments our industry well the 
interests both the scientific, tech- 
nically-trained, and the non-technical, 
production members the Society, has 
increased stature and world recog- 
nition with each succeeding year. 
1958 published total 1,000 
editorial pages. 


12th National Meeting 


research and development, 
all fields endeavor, essential 
that participants able meet from 
time time share information, re- 
view progress, and plan for the future. 
This year, our 12th National Meeting, 
held Madison, was attended 650 
men and women. Our vote thanks 
certainly due our outstanding pro- 
and arrangements committees for 
providing with another technically 
and financially successful meeting. 


Our Sections 


All our Sections were active 
during the year, and personally en- 
joyed visiting seven their meetings 
during the latter half 1958. Our 
Sections are the our Society, 
pumping the life blood responsible for 
the continued health and growth 
FPRS. 


Our Divisions 


Our Divisions, together with their 
numerous sub-committees, serve some 


2,000 affiliated members directly and 
the entire membership indirectly. Their 
“Annual which cover im- 
portant research and development 
progress that has taken place during 
the calendar year, are published an- 
nually our February 
particular note, during 1958, was the 
enlargement the work our Indus- 
Division incorporate 
sub-committees each the Sec- 
tions for the purpose cooperating 
with the National Lumber Manufac- 
turers Association and local universities 
and industries program encour- 
age promising high school students 
take careers the forest products 
industry. 


What the Future 


becoming increasingly apparent 
that, are carry out fully the 
objectives our founders envisioned 
back 1947, are going have 
grow both numbers 
Certainly industry that comprised 
more than 50,000 separate sawmill, 
lumber, plywood, composition board, 
woodworking, furniture, pulp, paper 
and miscellaneous wood products in- 
dustries, should able sustain 
technical society many times our pres- 
ent size. envision the day when 
FPRS will number 10,000 members, 
and through resultant economies will 
position render even greater 
publication, personalized, 
service its members than 
presently able do. While our 
progress has been inspiration be- 
hold, have barely began scratch 
the surface. 

Again, appreciation you for 
your devoted interest, and sincere 
best wishes for the year ahead. 

JETER EASON, President 


Members Urged Pay 
1959 Dues 


FPRS Members should now 
receiving invoices for their 
1959 dues. The Executive Of- 


fice urges all members send 
their remittance for dues 
payment and choices Divi- 
possible. 


New 
Florida—Georgia—Alabama Name 


The Sec- 
tion has recently changed its name 
nounced recently. Section members 
voted the change mail ballot, and 
the change was officially approved 
the president. 


Area Timber Resource Review 
Discussed Nov. Meeting 
Rocky Mountain Section 
The Fall Meeting the Rocky 
Mountain Section was held Nov. 


the Albany Hotel Denver, Colo., 
Lincoln Mueller, Section Secretary re- 


ported. 


Mr. Troxell was first speaker the 
program and discussed the joint FPRS- 
program attract students 
the forest products industries. out- 
lined the curriculum Colorado State 
University and the facilities the for- 
est products laboratory for training 
students. Earl Priegel, Forest Service, 
spoke the results the Timber 
Resource Review they applied 
timber resources the central Rocky 
Mountain area. 

The results timber harvesting re- 
search, including skyline-crane 
underway the Rocky Mountain For- 
est Experiment Station were discussed 
Francis Herman. Moving For- 
Russian film, was also shown 
Mr. Herman. 

Fred Malcolm, USFPL, gave 
illustrated talk the afternoon ses- 
sion, improving the efficiency and 
quality sawmill production. The 
American Forest Products Industries 
tree farm program the Rocky Moun- 
tain area was discussed Alan Miller, 
regional manager the association. 

During the business meeting, the 
Section voted hold meeting Feb- 
1959, conjunction with For- 
esters’ Day Activities Colorado State 
University and the opening the new 
forest products laboratory. 
Troxell, Colorado State University, 
was asked arrange the meeting 
chairman Robert Bader. 


THE NEWS 


Alfred Stamm has been named 
search associate professor wood tech- 
nology the School Forestry 
Carolina State College, was 
recently. Dr. Stamm’s appointment will 
effective July 1959. subject mat- 
ter specialist with the Forest Prod- 
ucts Laboratory, Stamm co-author 
the book “Chemical Processing 
which was published 1953. 

John Veach, president, Hardwood 
Corp. America, was re-elected pres- 
ident American Forest Products Indus- 
tries, Inc., the association’s annual 
meeting Washington, C., Nov. 


Elected the new post Assistant 
Secretary-Treasurer for the California 
Redwood Assoc. Willard Pratt. 

Four persons have been appointed 
three-year terms the Technical Advi- 
sory Council the University Cali 
Forest Products Laboratory. They 
are: Lester Carr, president, Car: 
Co., Sacramento; Ralph Hodges, Jr., for 
ester, Big Bear Timber Co., Sacramento 
Bryne Manson, product development 
gineer, Simpson Redwood Co., Arcata 
and Alfred Smith, general 
Union Planing Mill, Stockton. 
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Meet Executive Secretary Frank Rovsek. 
administrative officer our more than 
3700-member FPRS, concerned with 
maintaining the health the Society and its 
continued growth. 


FPRS newest staff member, Mrs. Claire 
Joyner works principally new membership 
activities the Society. Here, she pre- 
group letters designed at- 
tract new members FPRS. 


Here’s Robert Hamre, editor the 
Forest Products Journal. Bob selects and edits 
the articles for each issue and takes care 
the production phase. also directs the 
reviewing papers. 


from the Staff Our New Building 


New Year finds the FPRS staff well established our New 
Executive Office Building. Expanded facilities have made Society op- 
erations more efficient. Little did FPRS members realize that 
relatively short time, the Society would have its own modern build- 
ing. When Madison visit your FPRS office. We'll glad see you! 


keen knowledge Society details 
exceptional quality the job performed 
Mrs. Dalton, Secretary Mr. 
Rovsek. She supervises clerical operations and 
the FPRS bookkeeper. 


The central filing system here 
being used Mrs. Florence Van Kleeck. 
With FPRS for eight years, she now works 
half-days and helps out with whatever 
urgent the moment. 


Writing and production the FPRS news 
section for the Journal one the main 
tasks Mrs. Sandra Parrini. Other jobs 
include issuing news releases before and 
after National Meetings. 
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“Hello the way Mrs. Janette 
Arneson will greet you when you visit the 
Society's office. Here, receptionist, she 
greets John McMillen, Chairman the 
Wood Drying Division. 


Maintenance up-to-date membership 
records the principal work Mrs. Arne- 
son. Fastidious detail involved her 
daily entering new members, listing 
address changes and invoicing. 


The mailing room located the lower 
level. Mrs. Van Kleeck running member- 
ship prospect list the addressing machine, 
while Mrs. Dalton makes photo copy 
one the many queries received and an- 
swered each week. 


Publications sales and advertising records 
are handled Arthur Heim, who works 
half-days. Dedication detail characterizes 
his work filling reprint orders and his 
dealings with advertisers. 
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NLMA Chooses New Officers 


NEW OFFICERS elected the NLMA 
annual meeting, Nov. Washing- 
ton, C., are (1. r.) Thomas McHugh, 
Atlantic Lbr. Co., first vice president; Robert 
Ingram, Miller Cedar Lbr. Co., pres- 
ident; and Floyd McGowin, Smith 
Co., board chairman. 


Operating Policies Drawn 
Recent Nov. NLMA Meeting 


new statement operating 
cies and procedures highlighted the 
1958 annual meeting NLMA direc- 
tors and committees, Nov. 10—13, 
Washington, The policy state- 
ment outlines the 
tion major national issues. 

Central theme the policy state- 
ment reaffirms NLMA’s support 
“the principles and fundamentals 
competitive private enterprise, individ- 
ual initiative and responsibility, and 
just rewards for productive 

Attracting major interest the 
meeting were plans for the first 
operation the new National Wood 
Promotion Program. The Promotion 
committee, under the chairmanship 
Hood, authorized establishment 
National Wood Council coor- 
dinate the promotional programs all 
wood-industry organizations. wood 
mark and slogan were adopted the 
committee help merchandise the 
promotional effort. 

other action, the American Wood 
Preservers Institute was voted the 17th 
association member NLMA. The 
appointment special subcommittee 
was authorized study the question 
other lumber and allied organiza- 
tions interested NLMA member- 
ship. 


NEW PRODUCTS—LITERATURE 


Selectric Electronic Controls 


system electronic control for 
the Selectric sawyer-operated setworks 
system has recently been developed 
Mill Equipment, Inc. Featured 
brain unit that mounts the carriage 
and transforms finger-tip commands 
the sawyer into carriage performance. 

control center for the sawbox 
makes possible infinite variation the 
length sets. Adjustment settings 
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can made the control panel with- 
out touching the carriage. 

Through the use master poten- 
tiometer, possible one adjust- 
ment alter all settings exactly the 
same degree correcting accuracy fol- 
lowing saw changes adjustment 
the carriage knees. optional control 
the push-button sawyer station. More 
information available from the Mill 
Equipment Inc., 5219 First Ave. 
South, Seattle Wash. 


See page for more 


New Products Listing 


EMPLOYMENT SERVICE 


The FPRS Employment Service op- 
erated without charge service 
members. Companies institutions with 
positions filled individuals seek- 
ing employment may participate this 
program inserting free two 
consecutive issues the 
UCTS JOURNAL. Inquiries concerning em- 
ployment listings ads placed 
the JOURNAL should addressed 
FPRS Employment Service, Box 
2010, University Station, Madison Wis. 
Correspondence kept confidential. 


Positions Offered 


engineer needed per- 
form product design work substantial 
importance. Will work under supervision 
Product Development Mgr. but will have 
considerable latitude for independent action 
and decision. Will occasionally supervise 
one more persons detailing, model- 
making, and testing. (Dec.) 

Manager wanted for 
department dealing with product planning 
and development large southern lumber 
operation. Forestry background desirable 
with major wood utilization indus- 
trial engineering. Master’s degree preferred. 
(Dec.) 

sales manager needed 
for Pacific Coast sawmill machinery manu- 
facturing firm. Must have 
ability and should familiar with saw- 
mills and lumber industry. (Dec.) 


Employment Wanted 

No. 493—June 1958 graduate New 
York State College Forestry with B.S. 
wood utilization interested employ- 
ment the wood preservation field. Expe- 
rienced operating small pressure-treat- 
ing cylinder. (Dec.) 

No. 494—Position desired chemist. 
Has research experience plywood ad- 


PRODUCTION SUPERINTENDENT 
FOR HARDBOARD 


West Coast integrated operation needs 
qualified supervisor assistant plant 


superintendent take charge pro- 
duction the hardboard operation. Re- 
plies, kept should state age, 


experience, and qualifications. 

Send replies to: 

E-326 Employment Service 

FOREST PRODUCTS RESEARCH 
SOCIETY 


MADISON WISCONSIN 
P.O. Box 2010, University Station 


hesives. For the last years has worked 
wood preservation specialist bamboos 
India Forest Products Laboratory. Fa- 
miliar with electron microscopy. Received 
M.S. degree with honors. Educated 
India. Age, 28. Will pay own expenses 


No. 495—Position desired research 
product development with firm producing 
laminated structures, plywood, similar 
products. Holds B.S. applied sciences 
and will complete work M.S. wood 
utilization January 1959. Has research 
experience lamination. Prefers South 
Southeast location. (Dec.) 


No. 496—Production engineer with 
wood technology wants relocate. Has 
seven years industrial experience 
duction supervision, planning and schedul- 
ing furniture manufacturing, plant lay- 
out and construction, machine set-up, in- 
dustrial painting and hydraulics. (Dec.) 


No. 497—Product development, sales, 
promotion position desired wood tech- 
nologist. Experienced logging, hard- 
board, production and sales. Holds B.S. and 
forest products and has completed 
requirements for Ph.D. Currently 
duction supervision and setting national 
distribution outlets. Age, 31. (Dec.) 


No. 498—Graduate forester desires posi- 
tion sales promotion editorial work. 
Experienced forestry, technical writing 
wood preservation. Has published 
trade magazines, produced company litera- 
ture, and trade association proceedings. Ex- 
perienced selling, warehousing, 
and purchasing. (Dec.) 


No. 499—Position desired large mill 
making diversified wood products. Has un- 
usual mechanical ability. Holds B.S. 
wood utilization. Experienced the devel- 
opment new products, new treating solu- 
tions, and plant production. 1954 was 
recipient NLMA-TECO summer 
scholarship. (Dec.) 


No. 500—Position research, technical 
service, promotion desired wood 
technologist. Has eight years experience 
the management research programs, with 
emphasis preservation. Experienced 
operation commercial treating plant. 
(Dec.) 


No. 50i—Position quality control, 
search desired. Holds B.S. wood utiliza- 
tion. Experienced wood finishing. (Dec.) 


WANTED 
Works Manager for 
Furniture Factory 


Experienced man with thorough 
knowledge Chairs, 
Case Goods, Household and Institu- 
tional Furniture. Must know incentive, 
piece work and bonus types com- 
pensation. Should capable tak- 
ing full charge all phases manu- 


facturing plant employing over 
300. Salary open. Please submit 
resume stating education, employment 
history, age and complete qualifica- 
tions. Replies will held strict 
confidence. 


PHOENIX FURNITURE 
CORPORATION 
BOX 719 
SHEBOYGAN, WISCONSIN 
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®Masonite Corporation—manufacturer of quality panel products. 


that’s wonder workability 


Masonite Corporation 
Dept. 4-6 
Box 777, Chicago 90, 


Saws cleanly Drills neatly Routs smoothly latest design and production information 
panel products. 
Curves beautifully Bonds firmly Fastens securely 


Whatever your design production need, Masonite 
has the hardboard the job. 


Please have your sales engineer call. 


eee ee eee eee 


SPECIAL OFFER NON-MEMBERS FPRS 


WOOD TECHNOLOGY BOOKLETS 
ANNUAL PROCEEDINGS—1947 THRU 1951 


Any ONE the APPLICATION FOR MEMBERSHIP 
Books Above, 1959 FOREST PRODUCTS RESEARCH SOCIETY 1959 


ADDRESS OF THE EXECUTIVE SECRETARY 


POST OFFICE BOX 2010 @ UNIVERSITY STATION @ MADISON 5, WISCONSIN 
Selected Papers 


(DATE) 
Any Wood Subject 
hereby make application for 
Specifi 
Speci Supporting Membership ($100) the Forest Products Research Society, 


including regular publications the Society. 
CHECK ONE (Qualifications 
Associate Membership ($15) defined reverse this sheet) 


Note: $15 $100 member- 

year subscription to the 

PRODUCTS JOURNAL. 


Interest You! Voting Membership ($15) 


YOU JOIN FPRS for 
calendar year 1959 new 
member, you will receive extra 
bonus addition the regular 
Society benefits. 
You will also get our 32-page 
Index (1947-55) and 
wood subjects specific interest 
you your job. 


Please provide the following information. The Executive Board cannot act 
incomplete applications. 


| 


membership for $15 per year will 
Attendance FPRS meet- 
from coast coast Please enclose check money order for dues made out 
Forest Propucts RESEARCH SOCIETY 
Personalized service your 
technical questions through FPRS Please Check Which Issue You Want FREE for Joining Now: 
executive office. Vol. 1947 Proceedings, 344 pages Wood Technology Series 
Vol. III 1949 Proceedings, 607 pages No. Hardboard, 
Vol. 1950 Proceedings, 506 pages No. Wood Waste Utilization 
Pride affiliation. Vol. 1951 Proceedings, 400 pages 


10-A DECEMBER, 1958 


3 


{ 
(PRINT TYPE) 
(STREET) 
q 


on 


PARTICLE 


THEIR CLASSIFICATION 
AND 


Marra 


Head, Wood Technology Section, Division Industrial 
Research, Washington State College, Pullman 


Contrary earlier opinion, nature 
the raw material may deciding factor 
determining the board produced 
process”. Boards are classed 
type wood (flakes particles) and 
number distinct layers. 


VERSATILITY PARTICLE 

BOARD—in its raw material re- 
acture, and its uses—is once 
responsible for its rapid rise the 
world and for the confusion with 
which often surrounded. Nursed 
along German technologists follow- 
ing World War II, developed lustily 
response the complex economic 
circumstances prevailing Germany 
since that time. With Swiss scientists 
adding significantly the art, its 
onward rush culminated world rec- 
ognition the recent Geneva Confer- 
The United States, with its en- 
vied market potential and enormous 
raw material supplies, 
first commercial boards 1947 and 
now stands poised for massive exploi- 
tation this relatively new item 


the inaugural meeting the 
Mountain Section, FPRS, held Nov. 
1957, Denver, Colo. 

board and particle board sponsored FAO and 
Geneva, Switzerland, Jan. 21--Feb. 

a7. 


The Author: George Marra 
holds and degrees 
from New York State College 
Forestry Syracuse and 

from Duke University. 

was associate professor 
West Virginia before 
joining Washington State. 


wafers the mat. 


commerce. Virtually wood-using 
industry today free from the inviting 
possibilities fresh profits from par- 
ticle board. 

This paper will attempt organize 
the perplexities the particle board 
field, induced, were, its own 
popularity and universal adaptability. 
classifying and sub-dividing the 
mass information under study, 
hoped that some perspective may 
interjected into the impending devel- 
opment. hoped futrher that this 
description products, and some 
extent processes, will tend dispel 
the over-simplified quest for best 
board” “the best will 
seen that the products and their 
uses are such diversity that 
not possible hit all markets with 
single, universal board. 

Contrary previous conceptions re- 
garding this industry, the nature 
the raw material now emerging 
one the major dictators the type 
board that may produced 
given location. number other 
factors, some economic, some technical, 
also have important bearing the 
question. 


Classification Particle Boards 


The gross aspect the situation 
may grasped reference the 
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Fig. 1.—Board-forming machine Pack River Lumber Co. Tubes 
from circular distributing head facilitate accurate positioning 


chart Fig. should noted that 
major breakdown occurs 
basis the number distinct layers 
which the board composed. The 
number layers and their composi- 
tion are immediately reflected process- 
wise plant equipment requirements, 
board properties, and production 
costs. One-layer, two-layer, and three- 
layer boards appear the present time 
encompass fully the range possi- 
bilities regard deliberate stratifi- 
cation the material board. 
seems unlikely that more than three 
layers would prove economical bene- 
ficial, although research processing 
techniques could well lead other 
means achieving the same ends. 
The second major sub-division 
the subject the basis type 
wood element used. These may 
two types, either flakes particles. 
Unfortunately, the term 
now seems serving dual role 
the English vocabulary, and cov- 
ering composition boards general. 
ments indistinct geometry, and also 
generic term for all boards not other- 
wise classified fiberboards. Thus the 
stage set for degree confusion 
the outset, and not much hope for 
relief can offered even the Ge- 
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TYPE 
WOOD 


PARTICLES 1. Flat-pressed particles 


Produced by disc 
grinders or 

hammermills from 
chips or shavings 
(includes fibrous) 
fines) 


2. Extruded particles 


FPlat-pressed mixture 
of particles and 
disintegrated flakes 


. Extruded mixture of 
particles and 
disintegrated flakes 


FLAKES 


Produced by 
special cutters flakes 
with knives and 
wood grain 
oriented similar 
to veneer cutting) 


Flat-pressed, intact 
Flat-pressed, disinte- 
grated flakes 


.« Extruded, disinte- 
grated flakes 


2. 


4. 


Coarse particle base 1. Fibrous particle 
with fine particle center with fibrous 
surface fine surfaces 


. Coarse particle center 
with fine particle 
surfaces 


Disintegrated flake 


Particle base with center with fine 


decorative flake over- particle surfaces 

lay Coarse particle center 
with disintegrated 
flake surfaces 

Coarse particle center 
with intact thin flake 
surfaces 


Disintegrated flake 
base with fine parti- 
cle overlay 


. Disintegrated flake 
center with intact thin 
flake surfaces 

. Disintegrated flakes: 
Thick flake center with 
thin flake surfaces 

- Intact flakes: Thick 
flake center with thin 
flake surfaces 


Disintegrated flake 
base with decorative 
flake overlay 


Fig. 2.—Classification wood the basis current and 
proposed practice and the United States. 


neva Conference. used for the 
purpose this classification, the term 
refers elements developed 
hammermill action chips 
planer shavings. The resulting parti- 
cles turn are sometimes called 
“chips” both which 
fall short desirable terms. Attrition- 
type mills also are occasionally em- 
ployed for further reduction particle 
size. 


Flakes, the other hand, are ele- 
‘ments produced special cutter ac- 
tion solid wood. The elements are 
characterized appreciable length 
compared thickness, uniformity 
thickness, and freedom from 
cross grain. These flake-type elements 
cles” the German literature and 
“cut particles” French. The Ger- 
man term suggests the fact that flakes 
are produced predetermined stand- 
ards regard dimensions, con- 
trasted the more variable shapes 
produced hammermill action. 
order improve handling characteris- 
tics flakes, some type mild mill- 
ing may also performed, which 
breaks the flakes along natural cleavage 
planes. general, flakes result 
boards that have higher bending 
strength with lower resin content than 
would the case with particles 
comparable densities. This advantage, 
however, partially offset the fact 
that flakes delivered common 
point production system have 
higher accumulated cost than any 
the particle-type elements. 

These two factors, number layers 
nation, generate categories 
boards seen Fig. Three 
these categories involve boards com- 
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posed entirely flake-type elements, 
three involve boards composed par- 
ticle-type elements, and intermedi- 
ate three are composed both types 
elements. These nine categories in- 
clude number distinct products 
based upon such factors as: extruded 
flat-pressed, thick thin flakes, dis- 
integrated intact flakes, and coarse 
fine particles. total combi- 
nations these factors make the 
broad state the art 
known. Most these basic board 
types have commercial application 
are proposed for production. pos- 
sible that others may added the 
list from time time. 


brief description the board 
types listed Fig. follows: 


One-Layer Boards 


One-layer boards 
into two distinct groups, flat-pressed 
boards, and extruded boards, sub- 
division that occurs only the one- 
layer class boards. All multi-layer 
boards are, perforce, flat-pressed.* 


Flat-pressed refers the method 
pressing the preformed mat, and 
simply the conventional 
type operation which multiplaten 
hot press used consolidate the 
mass. Extrusion processes, the 
other hand, perform the forming and 
pressing operations simultaneously. 
ribbon board fixed width, usually 
four feet, emerges from the extruder 
and panels desired length are cut 
means traveling saw. 


The relative merits the two proc- 


The Bartrev press developed the Vere 
Engineering Company, Ltd., London, Eng- 
land, process board manufacture distinctly 
different from either the extrusion the flat- 
press process. The products, however, should 
considered similar those the flat-press 
process. 


esses have been the subject many 
debates. These debates have delved 
into process versatility, plant costs, 
plant output, production costs, and 
the products. Resolution 
these arguments beyond the 
scope this paper, but the final 
residue may summed follows. 
identical mixtures particles, res- 
ins, and wax were converted into 
boards equal density both proc- 
esses, the products would differ two 
important respects. The 
boards have high dimensional 
stability the plane dimensions and 
low stability the thickness direc- 
tion; the extruded boards would have 
high stability the thickness direc- 
tion and low stablity the 
plane dimensions, that is, the direc- 
tion extrusion. Another point 
difference that flat-pressed boards 
are essentially uniform strength 
longitudinal and transverse directions, 
while extruded boards are considerably 
weaker the longitudinal direction 
than the transverse direction. 

These particular differences are re- 
duced when the boards are veneered, 
crossbanding operation, and 
the two types then find similar appli- 
cations the furniture industry. For 
this reason, seems best classify 
these products together rather than 
use the two processes major sub- 
division the entire particle board 
field. 

may noted that the crossband- 
ing has triple purpose the case 
extruded boards. serves dimen- 
sional stabilizer for the core, 
strength equalizer for the core, and 
cushion prevent telegraphing 
particles into the face. For flat-pressed 
boards, the crossbanding serves pri- 
marily cushion and frequently 
eliminated when telegraphing tenden- 
cies have been reduced layering 
other practices. 


Flat-Pressed Particles: The flat- 
pressed method may regarded 
the forerunner the particle board 
industry, both Europe and the 
United States. wide variety prod- 
ucts are possible, depending upon the 
original starting material, the degree 
fineness which ground, resin 
content, and density the finished 
board. 

The former Plaswood Company 
Wilton, New Hampshire, one the 
earliest manufacturers particle board 
the United States, board 
this type. They used particle fre- 
Another early manufacturer, Rock Is- 
land Millwork Co., Rock Island, 
produces board this same category 
under the trade name 
this case, dry planer shavings form 
the raw material; they are given 
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usually fine grind disc mill, after 
which they are pressed 
density board. The final product re- 
sembles fiber hardboard some its 
properties, and sometimes referred 
board. finds wide use school fur- 
niture and work benches, both with 
and without plastic overlays. Although 
even today stands out 
ent” type board, must still find 
its place typical flat-pressed board 
this classification. 


The Curtis Co. Clinton, Iowa, 
also among the early pioneers this 
field. They developed the 
product for doors and other millwork 
items. 


Flat-pressed particle board pres- 
ently the leading type from the stand- 
point volume production the 
United States. usually lower 
cost than the comparable homogene- 
ous flakeboards, and usually displays 
higher internal bond strength and 
higher edge screw-holding ability. 

The list producers potential 
producers particle boards 
growing steadily and now esti- 
mated about plants. Typical 
among these are Wynnwood Products, 
Jacksonville, Texas; Graniteboard, Inc., 
Goffstown, H.; Wabash Screen 
Door, Minneapolis, Minn.; Cavalier 
Corp., Chattanooga, Tenn.; Weyer- 
haeuser Timber Co., North Bend, Ore.; 
and Pacific Plywood Co., Dillard, Ore. 


Extruded Particles: The history 
this method manufacture paral- 
lels that flat-pressed boards. Devel- 
oped Germany Mr. Otto Krei- 
baum soon after flat-pressed boards 
proved successful, the process spread 
the United States, where for time 
kept pace with flat-pressed boards 
case flat-pressed boards, variety 
products are possible, including spe- 
cial boards inches thick with 
hollow flutes the center. Multi-layer 
boards, that is, boards composed 
more than one layer, boards less 
than one-half inch thickness have not 
been feasible with this process. 

Extruded boards are usually veneered 
crossbanded before use develop 
strength the weak direction and 
counteract the inherent expansion ten- 
dency induced the pressure extru- 
sion. The outstanding virtues claimed 
for extruded boards are its greater sta- 
bility the thickness direction, which 
tends reduce telegraphing problems, 
better screwholding properties the 
edges, and lower cost. 

Extruded boards may made 
either horizontally oriented ver- 
tically oriented machine. the latter 
case, the boards are said have 
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more uniform distribution particle 
sizes throughout the thickness the 
board. 


the present time, there are 
installations the extrusion process 
the United States. The Lane Cedar 
Co. Alta Vista, Va., was the first 
make commercial application this 
method America. They developed 
their own equipment for the purpose. 
Later, the Chipcraft Co., 
town, Tenn., developed similar equip- 
ment and the Dean Co. Chicago, 
undertook sales the German 
Kreibaum process. 


Flat-Pressed Mixtures Par- 
ticles and Disintegrated Flakes: This 
development fostered the suc- 
cesses flake board. The mixture 
flakes with typical particles imparts 
greater strength the finished board 
proportion the amount flakes. 
reduction resin content also 
possible. The technique applicable 
situations where the primary raw 
material planer but where 
quantity solid wood residue also 
available. The first commercial appli- 
cation this method was Pope and 
Talbot Co., and reportedly will 
utilized several other plants now 
under construction. 


Extruded Mixtures Particles 
and Disintegrated Flakes: This 
theoretical possibility only, with 
known commercial application. 


Flat-Pressed Intact Flakes: These 
boards are produced from flakes that 
are pre and maintained large 
possible; that is, breakage along the 
minimized during subsequent 
handling. fact, the flakes well 
the impression veneer-like elements, 
and the final product capable 
making close approach typical ply- 
wood properties, thickness, and 
density. The primary virtues these 
boards are high bending strength with 
minimum resin content. Unsanded 
boards have textured surface with 
unusual decorative appeal. Densities 
lower than those for typical particle 
boards are also possible, and this leads 
improved nailing properties. 


the present time, Pack River Lum- 
ber Co., Sandpoint, Idaho, only pro- 
duces this type board. The prod- 
uct, 14-inch thicknesses, 
has found wide use decorative 
material both interior construction 
and display fields. The flakes for 
this board are about 1/32 inch thick, 
inches long, 134 inches wide, 
and are referred wafers. The raw 
material for the process debarked 
slabs for various species. The process 
was developed Dr. James d’A. 
Clark, presently Victoria, 


with patents assigned Changewood 
Corporation Chicago, 


Disintegrated 
Flakes: Boards this type differ 
from those produced from 
flakes that the flakes are reduced 
the width dimension. The reduction 
width may occur naturally part 
the original flaking operation, may 
accomplished separate milling 
operation. the latter case, essen- 
tial that the breakage occur along the 
grain and not across the grain. 
general rule, disintegrated flakes are 
shorter and thinner than the ‘“Tenex” 
wafers described above. Lengths range 
from 1/, 114 inches, and thicknesses 
from 0.008 0.020 inch. Widths are 
variable for any given length-thickness 
combination, and may range from 1/16 

The principal disin- 
tegrated flakes over intact flakes are 
greater uniformity the particles and 
hence the surface structure and in- 
ternal structure the board, and also 
improved handling characteristics 
the particles throughout the process. 
For these reasons, disintegration 
flakes almost universal practice 
the manufacture most boards, par- 
ticularly they are overlaid 
subsequently with veneer plastic. 

Following sanding planing, these 
flake boards offer little appearance 
distinguish them from some types 
the surfaces thin flakes usually dis- 
play less knife damage and are there- 
fore more readily bonded. Further- 
more, larger number thin flakes 
are required make the thickness 
the board and this, turn, 
plies the desirable effect. 
From process standpoint, may also 
noted that these larger numbers im- 
prove the chance for uniform deposi- 
tion the flakes over the area the 
board during the board-forming step. 

The principal disadvantages thin 
disintegrated flakes lie the fact that 
more energy expended prepara- 
tion, and with the thinnest flakes, more 
resin required develop equivalent 
properties. 

Examples this type board 
the United States are produced the 
West Virginia Pulp and Paper Co., 
and the United Wood Corp. Both 
plants employ hammermills disinte- 
grate the flakes produced disc-type 
flakers. similar product produced 
Columbia Hardboard Co. omits the 
hammermill and considers the flakes 
sufficiently disintegrated upon leaving 
cylinder-type flaker. The raw mate- 
rial for this plant consists cedar 
residues from adjacent shingle and 
lumber mills, and small red alder bolis. 
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The product, tradenamed 
has distinctive appearance can 
seen Fig. This plant also capa- 
ble producing three-layer boards 
type discussed later. 

The production this type 
“homogeneous” flake board 
United States limited, but may 
expected increase rapidly the 
future. competes directly with flat- 
particle boards many appli- 
cations, and generally commands 

remium price exchange for higher 
strength and improved sur- 
face properties. Lower density may 
also offered potential advan- 
tage. the present time, there are 
seven plants producing under con- 
struction produce this type board. 


Extruded, Disintegrated Flakes: 
Although most extrusion processes op- 
erate with 
there have been two reported instances 
flakes being used effort 
achieve greater uniformity the 
ticles and hence the final product. 
There may also possibility 
capitalizing the enhanced board 
properties engendered the charac- 
teristics the flakes demonstrated 
flat-pressed boards. One the 
plants that uses flakes reported 
West Germany and the other 
South Africa. the latter case, the 
change from hammermills flakers 
was made after was found that the 
local wood species were such high 
moisture content that was impossible 
hammermill them. 


Two-Layer Boards 


Two-layer boards are minority 
group that only few products are 
represented commercial 
The outer layers multi-layer boards 
usually contain more costly materials 
than the inner layer, either because 
thinner flakes made from more costly 
wood, smaller particles, because 
higher resin content. For this reason, 
the special surface treatment some- 
times confined one side only, which 
results two-layer board. 


Coarse-Particle Base with Fine- 
Particle Surface. This usually 
unintentional, and unavoidable, out- 
come particle mix with wide 
range particle sizes. During board 
formation, the smaller particles sift 
the bottom the mat, where they 
form distinct layer. These smaller 
particles may also have disportion- 
ately higher resin content and thereby 
develop higher density than the bal- 
ance the board. Such board 
likely warp excessively. 


Particle Base with Decorative 
Flake Overlay: This type board 
has not attained commercial produc- 
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tion, but has been produced sev- 
eral pilot plants. has possibilities 
decorative wall paneling floor 
tile. 


Disintegrated Flake Base with 
Fine Particle Overlay: This 
laboratory devlopment only, and has 
received commercial attention. 
included primarily the interest 
completeness, but also the interest 
indicating further possibilities for 
development. (Ed. Note: Since the ini- 
tial preparation this paper, West- 
ern Oregon firm has undertaken the 
manufacture this type board.) 


Disintegrated Flake Base with 
Decorative Flake Overlay: This board 
being produced inch thick- 
nesses the Div. Inter- 
national Paper Co. This plant devel- 
oped its own process, and produced the 
first all-flake board the United 
States. The raw material for the base 
layer dry Douglas-fir mill ends, 
which are reduced thin flakes 
cylinder-type flaker. The surface flakes 
are produced from green slabs 
planks variety decorative spe- 
cies, such mahogany and maple, 
well local western red cedar, 
and Douglas-fir. Marketed under the 
trade name has 
found wide use wall paneling, ceil- 
ing tiles, displays, and furniture. 


Three-Layer Boards 


Three-layer boards 
recognized offering the best oppor- 
tunity for properties engineered 
meet specific use requirements. 
this category that maximum versa- 
tility found, factor traceable the 
multitude ways which various 
surface materials may combined 
with core materials. addition, there 
are possibilities adding more resin 
the surfaces achieve higher bend- 
ing strength and greater surface sta- 
bility, resistance, and edge 
firmness. 

further reason for the increasing 
popularity three-layer boards that 
they permit better utilization avail- 
able materials. For example, fines nor- 
mally discarded one-layer particle 
boards may applied top and bot- 
tom layers produce paintable sur- 
face reduce telegraphing through 
thin plastic overlays. the other 
hand, the more tolerant core may 
produced from lower-cost wood and 
may contain the coarser particle frac- 
tions, fractions that require the least 
amount mechanical work pro- 
duce. This coarse core layer has the 
further advantage aiding the dis- 
sipation steam generated the 
center the board during pressing. 


Mr. Fred Fahrni Zurich, Switzer- 
land, generally credited with the 


development three-layer boards, and 
his process licensed 
number countries including the 
United States. The Behr Group 
Germany has also been instrumental 
advancing this method improv- 
ing board properties. They also have 
licensees several foreign countries 
and the United States. 


From this beginning, number 
variants have emerged and doubtless 
many others will forthcoming 
the future. number three-layer 
products are described the follow- 
ing paragraphs. should noted 
that, for the most part, these represent 
individual plants that are following 
more-or-less distinctive processes. The 
processes are largely controlled through 
patents with exclusive arrangements 
presently limiting the number oper- 
ating plants each case. 

should also noted that the 
greatest advances three-layer boards 
have involved flakes. 


Fibrous Particle Center with 
Fibrous Fines Surfaces: 
example three-layer board ap- 
pear the United States was devel- 
oped Cascade Plywood Co., and 
marketed under the tradename 
Although this board does 
not fit well into any classification 
composition products, most aptly 
described “hardboard par- 
ticle board, but again quite different 
from the Rock Island “Resinwood” 
described earlier. characterized 
rather fibrous particle developed 
from pulp-type chips and compacted 
high densities 1.0 
higher). Board thicknesses are 
inch less. The three layers are 
where the fine portion the mix 
withdrawn suction and deposited 
half the caul plate before enters 
the forming machine, and half the 
top the mat leaves the form- 
ing machine. 

The resulting board displays high 
bending strength, high compressive 
strength, high internal bond strength, 
and surfaces that are tough, abrasion 
resistant, and glossy-smooth. 


Coarse Particle Center with 
Fine Particle Surfaces: This type 
board probably has not made ap- 
pearance the market. Attempts are 
being made solve 
problems involved, however, and 
possible that such board may 
forthcoming the near future. The 
principal difficulty seems means 
assuring that both the top and 
bottom layers will identical, 
essential requirement for preventing 
warping. 

The problem begins with the form- 
ing machine, where the top layer 
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Fig. 3.—These typical flakes and boards illustrate the wide range 
products available. Roddiscraft three-layer sanded. 
Note core flakes left, face flakes right. Columbia Hardboard 
Co. one-layer sanded. Pack River Lumber Co. one- 
layer unsanded. 


sift downward into the coarse core 
layer. The aggravated 
the mat jostled the press, and 
finally rendered uncertain during 
sanding planing thickness where 
further unbalance may occur. 

The outstanding advantage this 
board over the plain, one-layer particle 
board will its improved surface 
properties. From production stand- 
point, would also permit higher 
recovery from the raw material enter- 
ing the plant. 


Disintegrated Flake Center with 
Fine Particle Surfaces: This board 
similar that described the previ- 
ous section, except that disintegrated 
flakes are substituted for the coarse 
core Since the flakes produce 
tighter mat, the problem sifting 
the top-layer fines immediately 
reduced. Hence, this type board has 
greater possibilities for manufacture 
and should make earlier appearance 
the market. Thus far has been 
produced only pilot-plant item 
which surface qualities adequate for 
gloss enameling printing have been 
achieved. The Columbia Hardboard 
Co. has recently announced “Trip- 
grade Cedawood that would 
classified this category. 


Coarse Particle Center with 
Disintegrated Flake Surfaces: This 
combination particles improves the 
bending strength and surface proper- 
ties the conventional particle board 
type. Although there known 
commercial application, its manufac- 
ture would essentially matter 
available materials. The primary raw 
material this case would planer 
shavings hammermilled mill ends 
with sufficient quantity green 
solid material for the surface flakes. 
included here complete the 
picture regard possible combi- 
nations particles. This board would 
differ only slightly from the “Novo- 
process below. 


board, sanded. 


Coarse Particle Center with In- 
tact Thin Flake Surfaces: This the 
original Fahrni process 
developed Switzerland. addition 
innovating the three-layer principle, 
the Novopan process also features 
porous, splinter-type core layer that 
not only reduces the final board den- 
sity, but also provides exit passages for 
the steam generated within the board 
during pressing. The surface layers are 
composed thin, intact pro- 
duced from green, round wood 
small disc flakers. These flakes are 
high quality and are felted onto the 
surfaces the original green condi- 
tion after resin application. 

The high moisture content the 
surface flakes has number unique 
functions; facilitate compaction 
and consolidation the surface layer; 
under the action the heat, 
reduce the shrinking and swelling abil- 
ity the surface flakes; assist 
carrying heat into the center the 
board accelerate the cure the 
resin there. 


number these plants are 
licensed operation foreign countries. 
Plywood Corp. obtained ex- 
clusive license for this process the 
United States, and the plant was in- 
stalled Redding, California. This 
plant, which uses peeler cores for the 
surface flakes, produced the first three- 
layer particle board this country. 
Because its greatly reduced warp- 
ing tendencies, this product under 
the trade name found 
immediate application wardrobe and 
cabinet doors and core material 
for veneered panels. 


Disintegrated Thick Flake Cen- 
ter with Intact Thin Flake Surfaces: 
This improved Novopan proc- 
ess recently installed new plant 
Klingnau, Switzerland. eliminates 
shavings the core material and 
introduces instead splinter-type ele- 
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Fig. 4.—Typical particles and boards. Chipcraft extruded board. 
Cross-band veneer extruded board. Wynnewood high-density 


ment produced large disc flakers. 
These flakers are set produce rather 
thick flakes from slabs and edgings, 
and these turn are reduced 
Reitz vertical disintegrator before they 
are dried. The resulting particles are 
more uniform size and are believed 
impart improved internal proper- 
ties the board. All other features 
the process are similar those the 
older process. 


Disintegrated Flakes—Thick 
Flake Center with Thin Flake Sur- 
faces: This the foundation the 
Behr process developed Germany 
and presently controlled Dr. Os- 
wald Wyss Zurich, Switzerland. 
the improved Novopan process, all 
material produced disc-flaking 
solid wood. The primary difference 
that both the core flakes and the sur- 
face flakes are disintegrated. 


Other important differences are 
the sizes the flakes. For example, 
the Behr process, the core flakes are 
thinner and the surface flakes are 
shorter than the Novopan process. 
One the notable features the 
Behr process the great care exer- 
cised the elimination 
potential telegraphing particles from 
the surface layers. This accom- 
plished means air classifier, 
which capable screening flakes 
the basis thickness. 


The Behr process has been licensed 
Germany and other countries. Ex- 
clusive rights for this process the 
United States have been obtained 
Roddis Plywood The plant was 
installed Arcata, California, and 
production their line 
began 1957. 

unique variation the conven- 
tional three-layer processes has been 
developed the Baehre Metallwerk 
Springe, Germany. This proc- 
ess eliminates all duplicate equipment 
usually necessary prepare core and 
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surface material separately, such 
flakers, screens, dryers, mixers, storage 
chests, and forming stations. The key 
item equipment the Baehre 
process the forming machine, which 
takes the entire output the flakers, 
with the exception the dust, and 
converts into three-layer mat. This 
lated air stream that deposits the finer 
fractions top and bottom layers sur- 
rounding coarse core layer. 
consequence this air-felting system, 
the particles, flakes, grade size 
gradually from the center the sur- 
face, thus assuring 
faces with minimum tendency for tele- 
graphing into overlay materials. 


Intact Flakes—Thick Flake Cen- 
ter with Thin Flake Surfaces: This 
another the line the 
Pack River Lumber Co., developed 
Dr. James d’A. Clark 
through Changewood Corp. The prod- 
uct features intact flakes wafers 
throughout, and 
smooth surfaces means outer 


Professors Agricultural Engineering, 
Michigan State University, East Lansing 


Light, economical roof trusses 
can erected with tractors even 
hand. Standard spans and 
slopes make accurate 
fabrication possible. The 
glue-nail truss will hold four 
times the design load. 


NEED FOR ECONOMICAL FARM 
and light commercial buildings 
becoming more critical the margin 
profit for farm produce becomes 
less. Past conventional methods con- 
struction were usually high first cost, 
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layers thin wafers. All wafers are 
produced from debarked 
means cylinder-type flakers 
nolic resin used the binder, 
unique feature the process. Pro- 
duced thicknesses, the out- 
standing use has been for interior wall 
paneling. 
Trends 


well recognize two notable trends 
appearing throughout the world 
this industry. The first strong 
trend the direction flakes 
other prepared elements, and 
away from the nondescript particle. 
The second trend toward multi- 
layer boards that have faces and cores 
the manner plywood. 

Both these trends are the 
direction higher cost products with 
improved properties. These 
presage demand for this type 
product its own right, wood prod- 
uct peculiarly adaptable the whims 
and needs the consumer. 


Roof Framing for Light Buildings 


this new role assumed more 
expected that its older role abate- 
ment the problem residue wood 
will decline. How far this trend may 
reach the direction sawlogs and 
pulpwood debatable, but seems 
certain that will find normal equi- 
librium the basis economics. 
may well have for 
example, the proportion low- 
quality lumber produced 
quality logs. addition, 
improvement cuttings and logging 
so-called inferior species specifically 
for board production will undoubtedly 
increase. 


From the description the various 
board types, may seen that the 
complexity the particle board indus- 
try generated its own versatility. 
predict whether future 
ingenuity will make even more com- 
plex, whether certain board types 
will emerge dominant 
shadow all others. 


and the buildings not lend them- 
selves modern operations. This 
report research the design 
system construction that has mini- 
mum cost and maximum quality. The 
objectives the research have been: 


develop low-cost construc- 
tion system for farm light 
commercial buildings. 


make the system adaptable 
prefabrication prepackaging 
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Fig. 


lumber dealers could use 
selling tool. 


make the system simple 
enough farmers unskilled 
laborers could the work them- 
selves necessary. 


Wood the most-used construction 
material farms and universally 
available, but because inefficient fas- 
teners, being replaced other 


materials. Normally pole post. 


wood-frame construction, the distance 
between interior post supports has been 


500 

300 

200 


POUNDS PER SQUARE FOOT 


Fig. 2.—-The load versus stress curves for 
two systems roof deck. 


1.—A plan showing the design and layout features for the split-ring trusses. 


readily available wooden joists gird- 
ers. Clear-span construction being 
used heavy commercial buildings, 
but due relatively higher costs, 
has not been applied farm other 
light-weight structures. very desir- 
able for farm buildings, however, be- 
cause allows free movement ma- 
chinery and animals. storage struc- 
tures lumber sheds, where materials 
are handled machine, the absence 
poles facilitates operations. 


Fig. apparatus for determin- 
ing stress and deflection one-inch roof 
sheathing. 
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SCALE: | 1/2"=1'-0" 


Determination Design Conditions 


provide clear-span areas, some 
form truss necessary. analysis 
plans showed that four widths, 24, 
30, 36, and feet, would satis- 
factory for nearly all farm buildings. 
These widths are also suitable for lum- 
ber sheds, storage buildings, ex- 
hibit buildings, and forth. 4/12 
roof slope was also selected. This 
sulted four designs that could 
used generally for all buildings. Stand- 
ardizing just four plans made the 
resulting system attractive lumber 
dealers. 

analysis plans from different 
plan services indicated that truss spac- 
ings four feet six feet are most 
economical cost per square foot 
area This spacing was wider 
than normally used for rafters and less 
than commonly used for roof trusses. 
The trusses designed for the four-foot 
spacing were light weight and could 
erected easily with farm tractors. 
Roof-deck framing presented prob- 
lem because conventional 
four-foot spacing, some adjustment 
was considered necessary the roof 
deck allow for this wider spacing. 
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Fig. 4.—The load-deflection curves for the 
roof decks under test. 
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Fig. 5.—The load-deflection curves for the 
24-foot glue-nail and ring-bolt trusses. 


Tests were run determine what 
types roof deck could used. Fig. 
shows the relation between 
formly distributed roof load and the 
resulting fiber stress for two types 
deck. The fiber stress was measured 
SR-4 electric resistance strain gages. 
The loading procedure shown Fig. 
represents concentrated load ap- 
plied the center the span, which 
would simulate man walking the 
roof. Fig. shows the relation between 
the concentrated loads and deflection. 
Similar fiber stresses were also calcu- 
lated and found slightly higher 
than the measured stresses. 


These data show that either 
4-inch members spaced inches 
center 1-inch tongue-and-groove 
boards could used roof-deck 
without exceeding the safe design 
stress safe deflection limits. The 
curve for 6-inch board the 
condition prevailing unmatched 
boards are used. 40-pound load 


18-A 


this single-board type deck caused 
deflection 0.3 inch, which equal 
that caused 200-pound load 
the 24-inch board extra- 
polated from the 6-inch tests. 
The deflection the solid tongue-and- 
groove deck proved approxi- 
mately the same that the 
4-inch members spaced inches 
center. 


Fasteners Used the System 


Efficient fasteners for wood are 
available and generally used com- 
mercial construction. These fasteners, 
however, are not generally available 
and consequently not used farm 
buildings. The two types fasteners 
considered this investigation were 
split rings and glue with nail pressure. 
use practice, the fasteners 
must available locally through nor- 
mal suppliers. After considerable edu- 
cation the part farmers users 
and industry suppliers, was found 
that split-rings and casein glue bulk 
could made available through local 
lumber deaers. With these fasteners, 
the joints could reduced 
substantially over nailed construction 
similar strength. 


Performance Tests Trusses 


The performance tests were 24- 
foot trusses with 6-inch top 
chords and 4-inch web members. 
typical plan for the split-ring and 
bolt truss shown Fig. Casein 
glue with plywood 
plates nailed with box nails was 
used the glue-nail truss. Loads were 
applied two-foot intervals along the 
top chords, and deflections were meas- 
ured with dial indicators. Representa- 
tive load-deflection curves for the two 
truss designs are shown Fig. 


These tests show that the glue-nail 
truss about twice strong the 
ring-bolt truss, although both designs 
are adequate for farm buildings. The 
deflection the design 
approximately one-half much 
the ring-bolt designs. The total de- 
flection time failure was nearly 
the same for both designs, being 
slightly more than one inch the 
ridge. 


Most the failures occurred the 
heel joints the ring-bolt truss. 
typical failure shown Fig. 


Limited tests were run glue-nail 
trusses made with plywood, 
but failure occurred consistently the 
result, all designs specify ply- 
wood gusset plates. The glue-nail 
trusses with plywood failed 
different members during the tests, 


Fig. 6.—A heel-joint failure typical 
failures the split-ring trusses. 


* 


: 


Fig. 7.—A representative type failure 
when plywood was used gusset 
plates. 


which indicates more balanced de- 
sign. None the glued joints failed 
along the glue line. 


Summary 


Trusses designed for four-foot 
spacing provide light, economical, 
roof frame that easily fabricated and 
erected both builders and farmers 
with farm tractors. 


Standardization spans 24, 
30, 36, and feet and slopes 4/12 
provides buildings that meet the re- 
quirements for most farm and light 
commercial uses. This makes lumber- 
practical and method 
getting good construction. 


one inch tongue-and- 
groove deck open deck with 
4-inch girts, inches center, 
allows factor safety least 
four with design load pounds 
per square foot. 


Deflection for one-inch tongue- 
and-groove roof deck under concen- 
trated load 200 pounds 0.3 inch, 
which satisfactory for the intended 
applications. 


glue-nail truss will hold ul- 
timate load four times 
square-foot design load. The ring- 

olt truss will hold two times the de- 
sign load pounds per 
foot. 
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Fig. 1.—Photomicrograph 45-degree scarfed joint (ratio 1:1) Douglas-fir, glued 
with resorcinol glue, showing penetration springwood and slight penetration summer- 
wood. Surfaces were prepared hollow-ground saw. Cell deformation clearly visible. 


SURFACE TEXTURE WOOD RELATED 


Glue-Joint Strength 


Differential staining with Sudan and Gentiana Violette. 


Technicians, University California 
Forest Products Laboratory, 
Richmond 


Surface roughness has little 
effect joint strength. Adhesive 


joint properties are more important. 
The real problem, however, 


strength reduction caused contact 
springwood with summerwood. 


The Authors: his doc- 


torate from the Technical University 
and was formerly charge adhesives and 
wood finishes the Swedish FPL, Stockholm. 

products from Michigan State University, and 
from the University California. 
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TEXTURE AND SHAPE WOOD 
surfaces, methods quantitative 
measurement, and the significance 
surface characteristics relation 
glue joint strength for edge-wood and 
end-wood gluing are the concern 
this paper. 

For number years the author 
and his co-workers attempted relate 
surface texture and anatomic structure 
joint strength gluing wood edge- 
wise (1, This paper presents 
the main results obtained 
search Sweden and first report 
studies carried out this Laboratory 
the significance surface texture 
for end-wood glued joints. 


Surface Texture Wood 


Various unique properties wood 
make the measurement its surface 


Presented Session VIII, Glues and Glu- 
ing, FPRS 12th National Meeting, held June 
22-27, 1958, Madison, Wis. 

friendly cooperation Bengt Norén the 
Swedish Forest Products Research Laboratory, 
Stockholm. His ideas derived 
have materially contributed the development 
this program and its findings. 

Numbers parentheses refer the Litera- 
ture Cited, 


texture difficult. The 
lems are discussed study pub- 
lished later date (1). 


wood, there are several distinct de- 
grees surface textures varying 
magnitude, 


absolutely smooth cut wood 
should yield, microscopic scale, 
surface formed only anatomic struc- 
ture. Such surface can produced 
experimentally, with fair degree 
approximation, cutting with mi- 
crotome. This might called first- 
degree texture. this scale, summer- 
wood and springwood will have 
different textures (Fig. and e), 
will surfaces cut parallel the grain 
(Fig. and across the grain 
(Fig. 3). 

surfaces can 
hardly called smooth; rather, they 
are compound, shown texture 
pressibility and resiliency spring- 
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PHOTOMICROGRAPH AND SURFACE PROFILE OF SUMMERWOOD 


LONGITUDINAL SECTION 


TRANSVERSE SECTION 


MATHEMATICAL MODEL OF WOOD 


Fig. and surface pro- 
file springwood and summerwood Scotch 
pine (Pinus sylvestris) from Sweden; model 
concepts edge-wood gluing according 
Suchsland (2). 


wood comparison with the relatively 
stiff summerwood account 
After cut with the microtome 
knife, the springwood recovers from 
elastic deformation caused cutting 
pressure. significant deformation 
takes place the stiff-walled summer- 
wood. These differences cutting 
characteristics are shown Fig. 
and 


second degree texture will 
produced through the different cutting 
(machining) characteristics wood, 
especially springwood and summer- 
wood. Inherent machining variables 
(mode cutting, tool sharpness, cut- 
ting speed, feed velocity, moisture, and 
forth) yield different surfaces. Saw- 
ing gives surface different from plan- 
ing, sanding and slicing. Surface 
variables connected with mechanical 
preparation. Examples are given 


Recently has been shown, quali- 
tatively least, that anatomic struc- 
ture disturbed varying de- 
grees (7). Cells fragments cells, 
tissues, are torn out from the wood 
structure the action tools, cell 
cavities may closed with debris from 
sanding, permanent cell-wall de- 
formation through impact. The me- 
layer wood consequence may 


* Exploratory tests (microtensile strength spec- 
imens cut out the damaged surface layer) 
make highly probable that this weakening 
actually occurs, but results are not yet conclu- 
sive. The significance this for fiber percentage 
criterion glue joint strength evident. 
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Fig. 3.—Photomicrographs Douglas-fir springwood and summerwood transverse 
surfaces with texture graphs the same magnification. 


third degree texture will 
ables, such uncontrollable machine 
vibrations, wild teeth saw blades, 
damaged worn tool edges, and 
forth, incidental variations the 
wood material, such growth-ring 
density, compression wood, and resin 
pockets. Differentiation these 
face texture influences and analysis 
their significance for results gluing 
are extremely difficult, but are fun- 
damental importance considering the 
problems adhesion wood and es- 
pecially end-wood gluing. 

Four methods were used check 
the dimensional accuracy 
texture mating surfaces: 


Surface profile measurements de- 
rived from highly enlarged micropho- 
tographs (2) (Fig. 2). 

Surface texture measurements 
with stylus-type tracer instrument, 
which enlarges roughness data elec- 
tronically and records 
nently (Figs. and 4). 

Determination the degree 
the proper geometric position the 
instrument shown Fig. 

Measurement the deviation 
certain points the surface from the 
ideal 
means the instrument 


Roughness Factor, Porosity, 
and 


criterion microscopic surface 

Cross-sections wood will not give 
continuous surface, but something re- 
sembling perforated plate definite 
porosity, shown Figs. and 
Porosity will depend mainly cell- 
wall thickness relative cell-lumen 
dimension, and can defined the 
ratio pore volume total volume. 
simplified and idealized wood 
structure consisting series rec- 
tangular tubes assumed mathe- 
matical model, then porosity 


For the ratio wood volume 
total volume, for the area cut 


SPRINGWOOD AND 


Fig. 4.—Texture graphs surfaces pro 
duced different methods end-grai 
Douglas-fir: Slow-grown (d) and fast-grow 
(e) were both microtome cut. 
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wood substance total cross-section 
can introduce: 


where A,, area cross-cut wood 


cording these definitions, always has 
cell-wall fraction. 

These concepts have been applied 
study the influence surface 
roughness edge-wood gluing. The 
relationship between porosity, surface 
texture (roughness determined from 
photomicrographs 
tions), and shear strength tangen- 
tially glued specimens was determined 
for edge-glued joints Scotch pine 
(Pinus sylvestris) from Sweden (2). 

nyms such inporosity, concretion, solidity, 
woofiness, spatial occupation, are clumsy and 


equally unsatisfactory; cut wood substance lacks 
the abstraction conveyed the 


Te 


Fig. 5.—(a), Stylus tracer instrument; 
(b), electric principle carrier modulating 
nstrument; (c), datum—skid and shoe— 
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The results show that the strength 
these joints increased with increasing 
surface roughness until the point was 
reached which the simultaneously 
decreasing strength increasing 
porosity caused the wood break. Be- 
yond this point, increase rough- 
ness diminished the shear strength 
the joint. 


This behavior wood agree- 
ment with that nonporous materials 
such metals, for which the surface 
roughness-shear strength curve shows 
definite maximum (For details and 
data, see (1) and (2). The same 
concepts have been applied some 
the problems end-wood gluing. 


The factors and can de- 
termined experimentally different 
methods: 


From photomicrograph the 
wood surfaces incident light 
high magnification, done for 
tangential cuts Suchsland 
(2) for microtome sections 
Morschauser (3). 


From the graphs electronic 
tracer instrument (1, 5). 

From the Kollmann-Trendelen- 
burg graph relating density, 
and (6). 
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WHAT THIS RESEARCH 
MEANS 


Wood has been bonded since time 
immemorial—laminated veneered 
products were found the tombs 
the Egyptian Pharaohs—but 
now has only been joined 
the direction which the shear 
strength wood lowest. 

End joining wood means 
simple joints—short scarfs, butt-end 
wedge type—so far has only been 
the pipe dream few. 

The question is: Can the original 
strength wood, the grain direc- 
tion, restored—as has been done 
for ages edge gluing? answer 
this question, need know more 
about the influence surface rough- 
ness (texture), wood structure, and 
the and elastic properties 
the adhesive joint. 

The influence surface roughness 
slight, that wood structure and 
glue properties decisive—as found 
this investigation. The strength 
clear, solid Douglas-fir, for instance, 
mostly determined its summer- 
wood. found that springwood 
can glued, but not summerwood. 
The contention that the adhesion 
glues good enough for edge 
gluing, but simple end joints does 
not match the strength and elastic 
properties wood. The search 
for better adhesive and bonding 
procedure, which may mean time 
simpler, cheaper, and more effi- 
cient solution end-wood jointing 
problems. This time perhaps practice 
not theory more than 


nose. 
Editor 


many ways, electrical methods 
are the most practical for the numeri- 
cal assessment surfaces. The instru- 
ment gives permanent records; 
the stylus, four-sided 90-degree pyra- 
mid with spherical tip 2.5-micron 
diameter, bears the surface with 
force only about 100 milligrams. 
the carrier modulating type. Me- 
chanical displacements are converted 
into electrical currents that the mag- 
nitude the carrier current con- 
trolled instantaneously the position 
the stylus relative the datum, re- 
gardless how long the 
mains given position. 

Carrier modulating instruments are 
preferred for obtaining graphical 
records, because they faithfully repro- 
duce every movement the stylus rel- 
ative datum (the skid shoe), 
regardless the spacing the crests, 
that is, the rate rise and fall 
the stylus. Fig. illustrates the instru- 
ment used. Details may found 
the literature (4, 5). 

The instrument, illustrated 
records, sufficiently sensitive 
for the tracing structural anatomic 
details (Fig. 3), and thus can used 
determine cell dimensions, derive 


Talysurf, Taylor, and 
England. Engis Equipment Co., Chicago, Illinois. 


Fig. 6a.—Instrument used for measurement 
angle." 


Fig. for measurement 
Three fixed points the 
surface glued define the- 
fourth adjustable point (at right) measures 
any deviation from this plane. Dial mov- 
able along grid coordinates spaced 
mm. apart, and measures deviations 
surface 0.001 inch. Surface trueness 
computed first averaging all measure- 
ments separately) for two sur- 
faces mated, then taking the absolute 
(arithmetic) mean the two means. Thus, 
surface trueness index the average mean 
deviation two surfaces glued, from 
defined piane. 
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and and indicate springwood- 
summerwood distribution within 
growth rings (Fig. d). Without ac- 
cessory equipment, its resolution too 
fine for certain technically less-impor- 
tant, rough-surface types, such sawn 
surfaces. 


Fig. illustrates the differences 
texture produced sawing, hand- 
planing, sanding, and microtome cut- 
ting Douglas-fir end-grain, 
corded the electronic 
instrument. 


Area Contact 


Wood, elasto-plastic body, 
will, general, behave way anal- 
ogous that metals. This means 
that two wood surfaces brought into 
contact for gluing will have small 
actual contact. This area will 
vary with surface textures and the load- 
gluing pressure, and actually might 
only fraction the apparent geo- 
metric, nominally measured area. This 
means that, even with slightly loaded 
surfaces, the local pressure these 
small points contact very high, 
and may sufficiently great cause 
even hardwood flow plastically. 


Although the stresses will cause 
elastic deformation the wood the 
vicinity the points contact, ex- 
perience suggests that the summits 
irregularities which wood surfaces 
are supported flow plastically, and are 
deformed until their cross section 
sufficient support the applied load. 
Actually, are able demonstrate 
this behavior photomicrographs 
glued joints’, but far have not 
been able resolve the problem 
satisfactorily either experimentally 
mathematically. 


Riberolles, working this Lab- 
oratory, has been able demonstrate 
very itself (7). 

These observations suggest con- 
define the actual mathematically as- 
sessable area contact surfaces, es- 
pecially end-wood gluing under 
definite pressures. This problem will 
dealt with microscopic scale 
later this study. 


Experiments with Short Scarfs and 
Butt-end Joints 


our applied studies end-wood 
gluing Douglas-fir (short scarfs and 
butt-end glued joints), have at- 
tempted obtain extreme dimensional 
accuracy, and have developed methods 
and surface,” that 
is, the degree approximation the 
Sections and slide were prepared Wayne 


Wilcox the School Forestry the 
University California, Berkeley. 
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Definitions Terms Used 


Real surface area, formed 
cut cell walls and troughs cut 
cells 

Geometric surface area (nom- 
inal measured area for surfaces 
cut parallel the grain) 
Roughness factor 
Porosity surface porosity 
P = Ayp/A 

Area pore 
space 

Area total cross section 

Area cross-cut wood substance 
Cell wall fraction 


Unit tensile stress 
Unite tensile stress rupture 
when wood moisture 
content 
Unit compression stress 
Unit compression stress rup- 
ture when wood mois- 
ture content 

Unit tensile stress 
wood rupture, moisture 
content 


desired, ideal, geometric shape and 
plane. 

pieces were used (dis- 
regarding the saw kerf). Members 
were aligned (springwood joined 
springwood and summerwood sum- 
merwood) scarfed joints; aligned 
and misaligned (springwood joined 
summerwood and summerwood 
springwood), butt-end glued joints. 

Surprisingly, the roughest surface, 
measured the average” 
graphic records, produced the 
strongest joint (Table 1). 
saw showed the greatest deviation 
from the ideal plane. 

similar experiments Rib- 
erolles (7), butt-end joints 
duced under identical conditions. Ten- 
sile and impact bending figures cor- 
respond with those obtained for 
scarfed joints, and surfaces prepared 
flat-ground saw again gave the 


strongest joints (see Table 2). 


series experiments, spring- 
wood was glued either springwood 
summerwood, or, third case, 
the two were The averages 
four specimens each case gave 
the following means: 


Springwood Springwood “Crossed: 
with with 
Springwood Summerwood 
1,341 psi 1,460 psi 1,360 psi 
From these averages the five types 
surface preparation (flat 
low-ground sawn, machine- and hand- 
planed, band-sanded), might con- 
cluded that positioning growth 
rings has apparent effect joint 

strength. 


Unit compression stress sum- 


merwood rupture, mois- 


ture content 

Unit compression stress 
springwood rupture, mois- 
ture content 
Summerwood fraction growth 
rings 
Density wood 
Density springwood mois- 
ture content 
Density springwood mois- 
ture content 
Moisture content 
Equilibrium moisture content 
Cell wall fraction 
summerwood 
respectively 
Probabilities, 
Center line average 


1 L 
/y/ dL 
Center line the line for 
which the sum the squares 


equally spaced ordinates 


Influence Springwood and Sum- 
merwood Glue Joint Strength 


Experiments have been conducted 
this Laboratory the growth-ring 
laminary structure wood—the con- 
tribution springwood and summer- 
wood the total strength wood 
and end-glued wood. Care was 
again taken align the members ac- 
curately (neglecting the saw kerf). 
Results some the work date 
are summarized Fig. 

the authors’ opinion, the basic 
problém end-wood gluing the 
transmission stresses between spring- 
wood and summerwood, both 
which have entirely different densities, 
strength, and elastic properties when 
bonded adhesively. 

The contribution springwood and 
summerwood total wood strength 
has been theoretically and experimen- 
tally derived Ylinen (8) for Scotch 
pine (Pinus sylvestris) from Finland. 
The relevant basic equation for tensile 
strength is: 


and for compression strength: 


Because similar investigation: 
could found for Douglas-fir, fev 
exploratory tests were run connec 
tion with the gluing experiments. 
the particular material used, the aver 
age figures were: 


0.35 (35%) summerwood 
fraction 
3,600 psi 
15,300 psi 


DECEMBER, 1958 
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SOLID WOOD SPECIMENS 


SPECIMENS 


TENSILE STRENGTH PSI. 


. 


PERCENT POROSIT 


inches were surfaced microtome cutting perdendicularly across the 
grain and conditioned e.m.c. 11%. Resorcinol glue spread was 
approximately 0.5 cc. per square inch, distributed both surfaces 
from surgical syringe. minutes open TA, second spread 
was applied. Pressure approximately 150 psi was applied after 
closed minutes. Curing followed air oven 180° 

Microtest specimens were prepared die-stamping microtome-cut 
sections; specimens were reconditioned 11% e.m.c. for testing 
the Instron tester and tested under constant temperaure conditions 
76° and e.m.c. 10% 1%. Dots represent glue joint 
strength individual figures, crosses solid wood strength data. 


moisture content—11% 


u 


from which follows: 


rupture m.c.u. 

wood break m.c.u. 


Numerically this means that spring- 
wood contributes about per cent 
and summerwood about per cent 
the total strength, although the sum- 
merwood fraction 0.35) only 
per cent the total wood. 

assume that density propor- 
tional strength (3, 10), and that 
the elongation rupture identical 
for springwood and summerwood (as 
ascertained Ylinen (8), this means 
that adhesion between summerwood 
and glue has about twice 
strong between springwood and 
glue. 

Several surprising results are shown 

mately the full strength, 100 per 
cent, the springwood; summer- 
wood, only about per cent. 
Incidentally, the strength summer- 
wood-summerwood joints about the 
same that springwood-spring- 
wood joints. 

This the case spite the 
fact that the glued area sub- 


Table 1.—TENSILE, COMPRESSION, AND IMPACT BENDING STRENGTH Table 2.—TENSILE AND IMPACT BENDING STRENGTH BUTT-END 


45° SCARFED JOINTS DOUGLAS-FIR MATCHED SAMPLES. 
RESORCINOL GLUE, HIGH-FREQUENCY SETTING 


ISURFACE PREPARATION 


BLANK FOR PREPARATION OF TEST SPECIMEN 


Computation: Total load divided minutes room temperature 
actual area glue line. 74° curing time high 
Number specimens: frequency between electrodes cy- 
cles minutes each, changing poles be- 

Compression: (2” 2”) speci- tween intervals; pressure 150 psi; equilib- 
men per blank rium moisture 11%. Cooled for 
(toughness): about three hours under pressure 


blank tioned e.m.c. 11%. 
Tensile: (1” 1”) specimens Types failure: 
per blank 
Compression: 100% wood, away 
Glue spread 7.5 7.5 cc. distributed from glue line. 
both scarfed surfaces 3.5” 5”, corre- Tension and toughness: glue line, 
0.4 cc. per square inch; slight fiber percentage. 


PRODUCTS JOURNAL 


SURFACE 


|. CUTTING ACTION TANGENTIAL 
2 CUTTING ACTION RADIAL 


JOINTS DOUGLAS-FIR MATCHED SAMPLES. HIGH- 
FREQUENCY SETTING RESORCINOL GLUE (7). 


MEASUREMENTS TEST 


BLANK FOR PREPARATION OF TEST SPECIMEN 


Computation: Total load divided 


measured area glue line Table 
Number specimens: Each type surface 
preparation, specimens, except for sand- 
ing, specimens; each alignment (spring- 
wood springwood, etc.) specimens 
each, out total 12; other gluing and 
testing conditions similar those 
Table 
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stance,” summerwood 2.5 
times large F,, springwood, 
and porosity, springwood 
1.3 times large summer- 
wood. 


0.33 for 0.50 and 
which: 2.5 F,, and 


springwood-summerwood 
joints, the strength determined 
the springwood, would expected, 
since this the weakest link the 
joint. 


Contact Factor and Its Influence 
Joint Strength 


the context this investigation, 
for the problem end-wood gluing, 
the “contact seems sig- 
nificant. This not necessarily the 
case for edge-glued industrially 
used finger scarf joints (refer back 
tor can distinguished macro- 
scopic scale and microscopic 

Not knowing the 
tween surface roughness and contact 
area for wood, could analogy 
with other elasto-plastic materials, as- 
sume linear, direct proportional func- 
tion. Ideally, smooth surfaces would 
give absolute, 100 per cent, contact; 
surfaces formed pyramids, for in- 
stance, per cent contact. From the 
results presented Tables and 
can seen that the macroscopic index 
surface trueness does joint 
strength. both cases, scarfed and 
butt-end joints, the highest indices 
(between 3.2 and 4.03), and with 
direct proportionality assumed between 
surface roughness and contact area, 
lowest contact area the mating sur- 
faces, give the weakest joints. 

was expected that the alignment 
factor for springwood and summer- 
wood would significant. However, 
results microscale joint tensile 
strength studies, and Riberolles’ 
work (7) conclusively prove that, with 
the glue used, joint strength inde- 
pendent alignment and positioning 
the growth rings. Springwood 


The mathematical assessment, that is, the 
derivation the real area contact from sur- 
face texture measurements, is difficult. It would 
necessary relate somehow the 
sure wood some representative measure 
the elastic limit deformation wood, that 
wood properties, shape, and dimensions 
surface irregularities, and some measure 
elastic limit the wood. The problem simi- 
lar that the contact factor 
solids, such bearings, etc., and will re- 
studies, particularly microscopic 
investigations, show the extent deforma- 
tion due to surface preparation (machining) and 
that due gluing pressure. See 
Priifen und Messen der Oberfliichengestalt, 
Miinchen, 1949, and Bowden and Tabor, The 
Friction Solids, Oxford, 
and reference (4, 5). 
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aligned springwood, 
summerwood, joints, and 
growth rings gave joints 
about the same 


microscopic scale, with the 
center-line average (C.L.A. index) 
measure, the flat-ground sawn sur- 
and gives the strongest joint. This can 
probably explained the basis 
the influence anatomic structure 
joint strength. 


When two wood surfaces with re- 
glued together, the following modes 
contact between glue and wood can 
visualized microscopically small 
area these surfaces: contact with 
cut wood only one surface; 2)con- 
tact with cut wood the other sur- 
face; contact with cut wood 
both surfaces; and contact 
all with cut wood substance. 


Probabilities ror the different modes 
will be: 


wo 


Resultant stresses the joint sur- 
face can broken down into cor- 
responding components: 


The term will probably 
dominant for the strength the joint 
for most types stresses. Clear expe- 
rimental evidence that this dominance 
actually the case thus far lacking. 
Further research planned, especially 
for end-wood joints, with respect 
contact the glue with cut and un- 
cut surfaces. 


When cross sections wood are 
glued, desirable obtain good 
bond between contacting cell walls; 
the strength these bonds should 
approximately the same order 
magnitude the cohesion the cell 
walls alone. This cannot give per 
cent glue however, because the 
bearing area, less than the 
bearing area the cell walls the 
surfaces joined. increase joint 
strength, shall have rely con- 
tributions from the other terms, that is, 
the ability the adhesive trans- 
mit forces between surfaces that are 
not contact. can glue spring- 
wood springwood, and should 
feasible glue summerwood sum- 
merwood, the full strength 
Douglas-fir redwood. The real prob- 


This might not necessarily the 
other glues with gap-filling higher strength 
properties are used. 


lem, however, seems to, elim- 
inate the reduction strength caused 
the contact springwood with 
summerwood, and the reduction 
strength between other areas the 
surfaces not direct contact. 


Discussion 


The mode preparation Doug- 
las-fir surfaces glued had only 
moderate influence joint strength 
the butt-end and degree-angle 
ground saw, machine- 
planer, and sanding were tested. The 
flat-ground saw gave the roughest 
joints measured the center-line 
average (C. index). This surface 
also gave the strongest joints. The 
hollow-ground saw, measured 
macroscopic method surface true- 
ness, gave the greatest deviations from 
the geometric ideal plane, also the 
weakest joints. 


explanation that uneven, 
fuzzy surface the glue joint results 
better distribution localized 
stresses, and that the loosened 
fibers give better reinforcement the 
glue line. Further studies will neces- 
sary clarify this point. 

Compression shear strength was 
tested specially developed specimens 
inches. The load was ap- 
plied parallel the grain, degrees 
oblique the glue joint. almost all 
cases the wood failed, under these test- 
ing conditions, away from the glue 
joint. This indicates that the 
glue used rather strong compres- 
sion, but not tension, which prob- 
ably true all commercial wood glues 
present. 

The micro-tensile strength 
show that springwood Douglas-fir 
glued satisfactorily even 
butt-end jointed specimens. Summer- 
wood joints barely reach the strength 
springwood joints. Mixed joints 
reach about the strength pure 
springwood joint. 

The explanation for this could 
either that adhesion the glue 
summerwood insufficient short 
butt-end joints, however ex- 
joints, that cohesion the glue 


tween surfaces summerwood, 
both. 


The significance the 
factor concept macroscopic 
when contacting surfaces are 
ent orders roughness, and 
microscopic scale when fill-in 
identical different both 
surfaces, requires further 

Further basic and applied 
will directed toward selection 
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proved physical properties, and devel- 
opment advanced gluing procedures 
the basis the preceding results. 


Summary 


The influence surface texture 
the strength glue joints, produced 
anatomic structure and machining 
variables, has been investigated the 
basis mathematical model concepts 
originally developed the Swedish 
Forest Products Research Laboratory 
Stockholm. 

For edge-glued joints Scotch pine 
(Pinus sylvestris) from Sweden, the 
relationship between porosity, surface 
texture (roughness) determined from 
photomicrographs tangential 
tions, and shear strength tangen- 
tially glued specimens was deter- 
mined (2). The tests included glue 
bonds springwood and summer- 
wood with average roughness fac- 

The investigation proved that the 
strength these joints increases with 
the roughness the surface until 
point reached which the simul- 
taneously decreasing strength and in- 
creasing porosity cause the wood 
break. Beyond this point, increase 
roughness diminishes the shear 
strength the joint. 

This behavior wood agree- 
ment with the behavior nonporous 
materials such metals, which the 
surface-roughness shear-strength 
curve shows maximum 
(Suchsland, 1957). 

tracer-type recording instrument with 
automatic integrating device made 
possible more refined and efficient 
technique for registration, mathemati- 
cal assessment, and evaluation sur- 
face textures wood. The sensitivity 
the instrument permits the resolu- 
tion such anatomic structural details 
cell dimensions, porosity, cell-wall 
fractions, fill-in, and density, well 


scientific research used properly, the rewards 
can large and gratifying, used improperly, results 
will costly and discouraging, Murray, Jr., 
Director, the Southern Research Institute pointed out 
recent speech South Carolina. outlined 
seven conditions for research help 


enterprise. 


Your need problem must one that can 


solved scientific research. 


Access competent research services must 
available, either through own facilities, con- 
sultants, testing laboratories, research institutes, col- 


lege laboratories. 


Sufficient time and money must made availa- 
ble complete the research required. 
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springwood and summerwood dis- 
tribution within growth rings. 

short-scarfed joints (ratio 1:1) 
Douglas-fir, produced matched 
samples under rigid dimensional and 
surface control high-frequency glu- 
ing with resorcinol glue, the rough- 
est surfaces (flat-ground saw) gave 
the strongest joints when tested for 
tension and impact bending. The cen- 
ter line average (C. index) was 
scale, the surface trueness index was 
highest for the surfaces prepared 
hollow-ground saw, but these resulted 
the poorest joints. 

this Laboratory, Riberolles, 
using the same technique for butt-end 
jointed samples, 
the same results. addition, found 
growth rings and direction cutting 
have influence joint strength. 
This again has been confirmed ten- 
sile tests with microscopic specimens. 

The concept contact area and 
contact factor discussed the basis 
wood elasto-plastic body, and 
demonstrated photomicrographs 
glued joints. 

The tensile strength springwood- 
springwood, summerwood-summer- 
wood, and mixed joints was related 
density, porosity, and 
tion, and the determination their 
contribution total joint strength was 
based the theory advanced 
Ylinen Finland. 

particular sample Douglas- 
fir, pure springwood joints reached the 
strength solid springwood, but 
the summerwood joints only about 
per cent the strength solid sum- 
merwood was obtained. 
joints, the strength was determined 
the weaker springwood. Possible ex- 
planations are that adhesion the 
glue insufficient summerwood; co- 
hesion (strength) glue insufh- 
cient transmit stresses between sur- 
faces; both. Springwood 


Can Research Help You 


from research. 


glued springwood satisfactorily, and 
should possible glue summer- 


wood summerwood. The 


real 


problem seems the elimina- 
tion the reduction strength 
caused the contact 
with summerwood. 


This could probably achieved 


the development adhesives and pro- 
cedures which the resulting joint 
capable transmitting forces between 
surfaces that are not contact. This 
will the objective further 
research. 


nN 
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product into production. 


Marian, 
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Someone your firm must control the research 
program and see that research efforts are coordinated 
with company objectives and abilities. 

Time and money for adequate development ond 
testing are necessary for new products that may result 


Adequate capital must provided for new equip- 
ment and possibly plant necessary get your new 


high degree entrepreneurship should ap- 
plied this new development, your product will 
become known consumers. 


the proper procedure followed, the small busi- 


ness individual can have the same kind benefits 
from research does the industrial giant. 
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Moisture Movement Beech 


CHRISTEN SKAAR 


Associate Professor, Department Wood Products Engineering, 
State University College Forestry Syracuse University 


Two moisture-movement mechanisms were found operate 
below the fiber-saturation point beech. Vapor movement was 
dominant the radial direction because the high temperature 
effect, while bound-water movement was more important the 
tangential direction because the relatively low temperature 


effect. 


ESPITE THE FACT that millions 

board feet wood are seasoned 
each year, the mechanism which 
the water moves through the wood 
during the seasoning process not 
completely understood. Improvement 
the methods for drying wood 
quire better understanding this 
mechanism and how affected 
various controllable factors. 

the purpose this paper 
discuss the mechanism moisture 
movement wood general, with 
particular emphasis movement 
through American beech (Fagus 
ture contents below the fiber-saturation 
point. The discussion based ex- 
perimental determinations rates 
moisture movement through beech 
the radial and tangential directions 
function wood moisture content 
and temperature. 

discuss the mechanism mois- 
ture movement through wood quanti- 
tatively terms the variables that 
affect the mechanism, necessary 
define factor that gives measure 
the rate moisture movement under 
given conditions. This factor for 
steady-state conditions analogous 
the coefficient heat conductivity and 
defined follows: 


where (1/A) the steady- 


contributed paper (May, 1958) based 
dissertation presented partial fulfillment 
the PhD degree Yale University. 
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state flux rate flow moisture 
per unit time (seconds) 
per unit area (square centimeters), 
and dM/dx the gradient mois- 
ture content (per cent oven-dry 
weight) per unit distance (centi- 
meters) the direction the gradi- 
ent. The units the moisture con- 
ductivity coefficient K,, this case 
therefore are grams sec- 
only for unidirectional movement 
along the x-axis. 

The use equation for describ- 
ing the rate moisture movement 
through wood valid only for the 
case steady-state movement. When 
the moisture content the wood 
changes with time, does during 
the drying process, another coefficient 
required. This coefficient, analogy 
the coefficient heat diffusion, 
called the moisture diffusion coefficient 
(18). related the conductivity 
coefficient factor that propor- 
tional the specific gravity the 
wood. Thus 

where defined the oven-dry 
weight (grams) the wood, divided 
the volume (cubic centimeters) 
taken the moisture content The 
diffusion coefficient therefore has 
units square centimeters per second. 
The term has units density 
(grams per cubic centimeter) but 
numerically equal the specific grav- 
ity the wood defined the 
American wood-using industry. 

The importance the moisture dif- 
fusion coefficient determining the 
rate drying wood evident from 
its appearance the unsteady-state 
moisture diffusion equation one 
dimension, 


which describes the time rate mois- 


BELOW THE FIBER-SATURATION 


ture content change any 
point drying board function 
the rate change with distance 
the product and the moisture 
gradient evident from 
equation that the rate drying 
directly proportional the 
moisture diffusion coefficient and 
that this factor more than 
the conductivity K,, alone determin- 
ing drying time. Furthermore, the co- 
can obtained directly 
ments the method described this 


paper. 


Experimental Measurement the 
Moisture Diffusion Coefficient 


Material: The material used this 
experiment was obtained from three 
beech logs, each cut from different 
tree that grew Syracuse, New 
York. The log diameters and lengths 
were about and inches, respec- 
tively. Each log was sawed within two 
days after was felled obtain two 
flat-sawn and two quarter-sawn boards 
one-inch surfaced thickness. The 
flat-sawn boards were trimmed five- 
inch widths and the quarter-sawn 
four-inch widths. All the boards were 
resawn into 14-inch lengths after first 
removing obvious defects such 
knots. The individual lengths were 
numbered with respect original lo- 
cation the boards, and these loca- 
tions were randomized with respect 
the subsequent temperature which 
each sample was dried during the de- 
termination the moisture diffusion 
coefficient. 

Six quarter-sawn and six flat-sawn 
lengths were used from each the 
three logs for total samples. 
One quarter-sawn and one 
sample from each log was tested 
each the six temperatures used. 
Prior use, each sample was stored 


Drying Procedure 
The 14-inch samples were removed 
individually from the deep-freeze, and 
were coated the ends and edges 
with two heavy coats commercial 
end-sealer, which preliminary experi- 
ment showed was effective prevent- 
ing significant loss moisture from 
the ends and edges similar samples. 
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They were allowed dry slowly 
room temperature conditioning 
room, with the drying surfaces ex- 
posed gradually decreasing humidi- 
ties until the generel level moisture 
content was below 
and reasonably steep moisture gradi- 
ents were established. this point, 
each sample was resawn into paired 
7-inch lengths, which were then 
coated with the end-sealer give 
all edges and ends. 

For the actual drying experiment, 
both the paired specimens sub- 
jected drying conditions the dry- 
ing chamber? permit them attain 
temperature equilibrium with the 
chamber. After this initial drying pe- 
riod, one each pair matched 
specimens was withdrawn 
chamber, wrapped, and cooled quickly 
with (solid carbon dioxide) 
prevent further change moisture 
distribution the sample. 

After they were cooled, three wa- 
fers, each about inch thick, were 
cut from the sample. These were 
spaced one inch apart center-to-center 
shown Fig. where the sample 
marked represents the sample 
moved from the drying chamber after 
the initial drying period, designated 
the time The three wafers from 
each sample were immediately 
wrapped (vinylidene chlo- 
ride) film and stored until 
the sectioning process. The actual sec- 
tioning was accomplished means 
sharp microtome knife. The wafers, 
which were inches wide, were 
first trimmed 2-inch width, after 
which they were sectioned rapidly into 
strips with the microtome knife. 
wooden mallet was used strike the 
knife. The strips were individually 
wrapped film prevent 
moisture loss prior weighing. 

The second half each matched 
pair was removed from the drying 
chamber the time /,, convenient 
interval after time Three wafers, 
corresponding position the three 
cut from the samples, were cut from 
each the samples and sectioned 

The moisture contents the indi- 
vidual strips, which weighed about 
500 milligrams each, were calculated 
gravimetrically means micro- 
projection bal- 
ance, which permitted weighings 
within 0.1 milligram less than 
seconds. Thus the moisture contents 
the strips could calculated within 
0.1 per cent with negligible loss 
with temperature control within degree 
and with circulating fan. was not neces- 
sary control humidity accurately the tech- 
nique used for this experiment, since moisture 


gradients were obtained actually sectioning 
the drying samples. 
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Fig. 1.—Typical pair test samples, showing the six locations from which the test wafers 
were cut. Wafers and were cut from the sample removed the time t:, and wafers 
and were cut from the sample removed the later time 


moisture during the weighing 
operations. 

The mean moisture content distribu- 
tion each wafer was plotted after 
pooling the corresponding five mirror- 
image pairs strips the wafer, and 
after adjusting for the effect vary- 
ing strip thicknesses. For each pair 
test samples there were moisture 
distribution curves available, for the 
time and for the time ¢,. There- 
fore, pairs curves were plotted for 
each pair test samples, each con- 
taining and curve. Fig. shows 
typical pair moisture distribution 
curves. The broken line intermediate 
between the and curves represents 
the mean moisture distribution during 
the time interval 

From the curves moisture distri- 
bution two successive drying times 
and the moisture diffusion coef- 
ficient was calculated for even integer 
values moisture content over range 
modification the method Egner 
Thus, referring Fig. the dif- 
fusion coefficient for the moisture 
content was obtained substitu- 
tion the equation 


}--------------- (4), 


where the term Mdx 


sented the shaded area whose limits 
and x’, and the two moisture dis- 
tribution curves and The gradi- 
the slope the broken curve that rep- 
resents the mean moisture distribution 
during the time interval 
Since time was calculated 
seconds and was fraction the 
half thickness which was measured 
centimeters, the units the diffu- 
sion coefficient were calculated 
square centimeters per second. 
Analysis the data showed that the 
transformation the diffusion 
cient its logarithm gave essen- 
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tially linear relationship with mois- 
ture content, all the results were 
transformed into the logarithm 
Three replicated values the variate 
log were available for each test 
sample over the moisture range cov- 
ered. The mean these values was 
calculated each case, and these mean 
values were plotted function 
moisture content for each the 
samples tested. The mean value and 
slope each these curves was cal- 
culated the method least squares. 

Statistical analysis the slopes 
the linear curves log against 
moisture content demonstrated that 
there was significant effect mois- 
ture content the radial diffusion 
but none for the tangential 
value. The analysis also showed that 
there was significant effect tem- 
perature these slopes for either 
radial tangential movement. 

The analysis the effect tem- 
perature showed linear relation be- 
tween the logarithm the mean dif- 


i——> 


Fig. 2.—Typical moisture-distribution curves 
for the drying times and The broken 
curve represents the mean moisture distribu- 
tion during the drying interval and the 
slope this curve dM’/dx the point 
the mean moisture gradient the moisture 
content M’. The shaded area represents the 


term A | Mdx. 
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fusion coefficient and the reciprocal 
absolute temperature for both radial 
and tangential movement. The effect 
was more pronounced for radial than 
for tangential movement, however. 
the basis these analyses, regression 
equations were calculated relating the 
radial and tangential diffusion 
cients wood moisture content and 
temperature. 

The regression equation for tangen- 
tial movement was 

(1000/T) 
and for radial movement 


log 0.36795 2.0608 (1000/ 


where square centimeters per 
second, degrees Kelvin, and 
per cent moisture content. Figs. 
and show the graphical represen- 
tation equations and 


The Mechanism Moisture 
Movement Wood 


The results obtained this study 
can best interpreted considera- 
tion the mechanism moisture mi- 
gration wood and the effect the 
variables moisture content and tem- 
perature these mechanisms. quali- 
tative discussion the principles 
moisture migration given, followed 
application these principles 
the interpretation the results. 


General Mechanisms: gener- 
ally considered that water migrates 
through wood least three differ- 
ent mechanisms. These are: 


Movement capillary water 
the cell cavities above the fiber-satura- 
tion point due capillary-pressure 
differences. 

Movement water vapor 
through the cell cavities and pit cavi- 
ties, above and below the fiber-satura- 
tion point, due 
differences. 

Movement 
bound water through the cell walls 
wood below the fiber-saturation point 
due moisture content differences. 


The movement water through 
wood moisture contents above the 
fiber-saturation point not considered 
detail this paper. The complex 
mechanism these high moisture con- 
tents involves capillary-pressure differ- 
ences well the corresponding 
vapor-pressure differences. Both these 
pressure differences are caused vari- 
ations the diameters the air-water 
menisci the cell cavities the 
wood. This mechanism has been dis- 
cussed Hawley (7)*, Kroll (10), 
and Kiibler (12) well others. 


parentheses refer the Litera- 
ture Cited. 
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Fig. 3.—Family curves for tangential 
moisture movement showing graphical rep- 
resentation equation which the loga- 
rithm the diffusion coefficient where 
square centimeters per second, shown 
non-varying function the wood mois- 
ture content over the range temperatures 
covered this experiment. 


The effect capillary pressures and 
associated vapor pressures the rates 
moisture movement above the fiber- 
saturation point extremely sensitive 
small variations the structure 
wood. Consequently, the moisture dif- 
fusion coefficient these high mois- 
ture contents also greatly influenced 
small structural differences the 
wood. general, however, has been 
found that the moisture-diffusion co- 
efficient lower moisture contents 
well above the fiber-saturation point 
than the hygroscopic range, and 
that higher moisture 
therefore required for water move 
given rate (2, 20). 

Since this paper primarily con- 
cerned with the mechanism moisture 
movement beech below 
saturation point, only two mechanisms 
are discussed detail. These are the 
water-vapor mechanism and the bound- 
water mechanism. 


Mechanism Water-Vapor Move- 
distinguish between the movement 
water vapor under conditions hy- 
drodynamic flow and the movement 
under conditions true diffusion. 
Pfalzner (16) has differentiated be- 
tween the two mechanisms the 
basis that, the case hydrodynamic 
flow, the water vapor migrates from 
region high vapor pressure 
one low pressure, whereas 
true diffusion the vapor pressure 
all gases constant, and the water 
vapor moves from region of. high 


Fig. 4.—Family curves for radial mois- 
ture movement, showing graphical repre- 
sentation equation The logarithm 
the diffusion coefficient where 
square centimeters per second, shown 
function wood moisture content over the 
range moisture contents and temperatures 
covered this experiment. 


partial water vapor pressure one 
low partial 

The hydrodynamic flow applies 
when water vapor the only gas pres- 
ent, whereas true diffusion applies 
when other gases are also present. 
the case wood, must presumed 
that additional gases are present the 
cell cavities addition water vapor 
temperatures below the boiling point 
water. Since the temperature range 
covered this study was between 10° 
and 60° presumed that the 
water-vapor movement was true dif- 
fusion process. 


The diffusion water vapor 
through the pores wood may obey 
different laws than those governing 
the diffusion water vapor still 
air, even the driving force both 
cases partial vapor-pressure gradi- 
ent. Babbitt (1) has distinguished 
types vapor diffusion depending 
upon the size the pores compared 
with the mean free the vapor 
molecules. The mean free path 
water-vapor molecules the tempera- 
ture range from 10° 60° 
the order 0.1 micron (19). 
evident therefore that, for vapor move- 
ment through the cell 
beech, whose diameters vary from 
microns for the dense fibers 
almost 100 microns for the vessels 
(3), the mean free path much 


mean free path the molecules 
vapor, according the kinetic theory gases 
(4), the mean distance molecule travels be- 
tween collisions with adjacent molecules. 
calculated from the Maxwell distribution law 
for velocity distributions molecules gas. 
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Fig. 5.—Curves showing the effect tem- 
perature the diffusion coefficients for vari- 
directions. The logarithm the diffusion 
centimeters per second, plotted func- 
tion the reciprocal absolute tempera- 
ture each case. The solid lines are those 
for radial movement and the broken lines 
are those for tangential movement. The 
legend showing the sources for the points 
through which the lines were drawn are 
given the figure. 
lower than the pore diameters, and the 
simple laws that govern the diffusion 
gases still air apply. 

According Stamm (20), water- 
vapor movement also 
through the permanent pit-membrane 
pores that have been shown exist 
softwoods. These have been calcu- 
lated the order 0.1 micron, 
according Hawley (7), which ap- 
proximately the same the mean free 
path the water-vapor molecules. 
this case, the laws governing vapor 
movement through the cell lumens 
not apply, since the collisions 
water-vapor molecules with the pore 
walls occur with approximately the 
same frequency collisions with other 
molecules. Pit-membrane pores have 
not been demonstrated hardwoods. 
Liese (13) concluded from electron 
micrograph studies that there are 
pores the intervessel pit membranes 
the European species Fagus, 
Betula, Populus and Salix. 

Mechanism Bound-Water 
Movement Wood: Several mecha- 
nisms been proposed explain 
the bound water through 
the cell wall wood. Each these 
mechanisms based some assump- 
tion with regard the manner 
which water held the cell wall. 

The classical mechanism for explain- 
ing the hygroscopic isotherm for wood 


the combination the monolayer 
Langmuir adsorption isotherm low 
wood moisture contents with multi- 
layer capillary adsorption the 
higher range moisture contents. 

Stamm (20) assumes that there 
little moisture movement through the 
cell wall moisture contents where 
the Langmuir monomolecular adsorp- 
tion occurs, that is, below about per 
cent. has recently (21) confirmed 
this assumption for dry cellophane 
measuring the moisture diffusion coef- 
moisture content. 

Hermans (8) agrees essence with 
Stamm, and has pointed out that 
bound-water diffusion through cellu- 
lose must extremely slow these 
low moisture contents because the 
high affinity water for dry cellulose. 

moisture contents above about 
per cent, Stamm (20) considers that 
bound-water movement takes place 
diffusion process which the capil- 
lary polymolecularly held water dif- 
fuses through system monomolec- 
ularly held water. 

Kroll (11) has assumed that bound- 
water movement above about per 
cent moisture content capillary 
forces. agreement with Stamm, 
Kroll concludes that the bound-water 
diffusion the cell wall increases 
markedly with increasing moisture 
content. 

Babbitt (1) has derived relation- 
ships for the diffusion adsorbed 
molecules through solid for the case 
where the adsorption obeys the Lang- 
muir isotherm, and also for the case 
where the Brunauer, Emmett, Teller 
equation for polymolecular adsorption 
applies. both cases, the diffusion 
increases with increasing ad- 
sorption. the case wood, where 
both these equations have been applied 
explain the adsorption water, the 
results imply that the bound-water dif- 
fusion rate increases with increasing 
moisture content. 

sumed for moisture movement the 
cell wall wood, the conclusion 
apparent that the bound-water diffu- 
sion coefficient increases with increas- 
ing wood moisture content. 


Combined Vapor and Bound- 
Water Movement Beech: The 
mechanism moisture movement 
through wood below the fiber-satura- 
tion point combination vapor 
and bound-water movement. The re- 
sults reported this paper for beech 
indicate that the relative importance 
the two mechanisms undoubtedly 
different for tangential 
movement. This conclusion follows 
from the fact that both temperature 
and moisture content have different ef- 
fects the moisture-diffusion 
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cients the two structural directions. 
The effect temperature discussed 
first, followed consideration the 
effect wood moisture content. 


moisture movement through wood 
controlled predominantly the va- 
por mechanism, the effect tempera- 
ture the moisture-diffusion 
cient should similar its effect 
the vapor pressure wood constant 
moisture content. This anticipated 
because the rate vapor movement 
proportional the vapor-pressure dif- 
ference, while the total moisture 
movement assumed propor- 
tional .to the moisture-content differ- 
ence calculating the moisture-diffu- 
sion coefficient. 


The vapor pressure-temperature re- 
lation for beech not available, but 
Stamm (22) has given data for Sitka 
spruce which the logarithm va- 
por pressure essentially linearly re- 
lated the reciprocal absolute tem- 
perature constant moisture content. 
The relation varies slightly with mois- 
ture content, but over the range 
moisture contents interest this 
study (10 per cent fiber-saturation 
point), can described approxi- 
mately the equation, 


(7), 


where the vapor pressure milli- 
meters mercury and absolute 
temperature degrees Kelvin. 

apparent comparing equa- 
tion with equation that the mois- 
ture-diffusion coefficient for tangential 
movement not nearly sensitive 
temperature would expected 
the movement were completely vapor- 
diffusion controlled. The coefficient 
(1.2561) for the temperature effect 
for tangential movement only about 
half the value (2.25) that antici- 
pated for vapor movement. Compari- 
son the temperature coefficient 
(2.25) equation with the tem- 
perature coefficient (2.0608) for radial 
movement, the other hand, indi- 
cates that the mechanism may more 
nearly vapor-diffusion controlled since 
the coefficients are nearly the same. 


The relative effect temperature 
the moisture-diffusion coefficient 
measured calculated other work- 
ers illustrated graphically Fig. 
The solid lines the figure are for 
radial movement, and the broken lines 
are for tangential movement. some 
cases, the data from 
curves were taken were given the 
form the moisture conductivity co- 
efficient K,,. These were converted 
the diffusion coefficient use 
equation The mean value specific 
gravity for the particular wood was 
used each case. For the cases where 
the measured diffusion coefficients 
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varied with moisture content, the val- 
ues per cent moisture content 
were used. 


general, the results were fair 
agreement with those obtained this 
study, although there were some ex- 
ceptions. The solid lines, representing 
radial movement, are nearly the 
same slope, the whole, the 
sults obtained for radial movement 
this study. Similarly, the broken lines, 
representing tangential movement, 
show lower temperatures effects the 
order magnitude obtained this 
study for tangential movement through 
beech. 


The pronounced effect tempera- 
ture the mechanism vapor move- 
ment described above related 
the high heat adsorption water 
vapor wood (22). addition 
this strong temperature effect, an- 
other small effect should men- 
tioned. This the slight increase 
the rate water vapor diffusion with 
increasing temperature for given 
vapor-pressure gradient (20). This 
factor increases approximately the 
square the absolute temperature 
and, for the full temperature range 
from 10° 60° C., the rate water- 
vapor diffusion increases less than 
per cent. This almost negligible 
compared with increase well 
over 1000 per cent due the effect 
the vapor-pressure increase with tem- 
perature over the same range. 


Bound-water movement moisture 
contents the range covered this 
study undoubtedly less temperature- 
dependent than vapor movement. 
The water the cell wall relatively 
mobile polymolecular layers wa- 
ter are present, and the temperature 
effect should much less than as- 
sociated with activated 
probably the order magni- 
tude the temperature effect the 
viscosity water. the basis the 
data Dorsey (5), the effect tem- 
perature the viscosity water over 
the temperature range from 10° 
60° can represented approxi- 
mately the equation 


log n 0.86(1000/T ) 1.93 (8). 


where the viscosity millipoises 
and absolute temperature. ap- 
parent inspection equations 
and that the temperature effect for 
viscosity approximates the effect 
temperature the tangential moisture- 
diffusion coefficient. 


Activated diffusion may occur extremely 
low moisture contents (less than 5 or 6 per 
cent) where high energy barriers must over- 
come individual jumping from 
one adsorption site another. The energy 
activation this case should the same 
order magnitude the heat adsorption 
water wood these !ow moisture 
contents. 
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probable therefore that radial 
movement moisture more de- 
pendent the vapor-diffusion mecha- 
nism than the tangential movement. 
The reverse holds for bound-water 
movement. The reason for this may 
explained the number and nature 
the cross-walls that must trav- 
ersed moisture moving out the 
wood during drying. For tangential 
movement, the rays have little effect 
and the number and thickness cross- 
walls encountered the migrating 
moisture limits the importance va- 
por movement. For radial movement, 
the crosswalls are few number and 
thin, because the rays, with their radi- 
ally elongated, thin-walled cells, pro- 
vide relatively easy path for mois- 
ture movement. 


The effect wood moisture content 
was statistically insignificant for tan- 
gential movement. This agrees with the 
results Ogura (15), who found 
that the tangential diffusion coefficient 
for Japanese beech 
Engl.) 45° was essentially con- 
stant over the moisture-content range 
from per cent. similar ef- 
fect was calculated Stamm (20) 
for softwoods the 
gravity beech over the moisture con- 
tent range covered this study. Since 
Stamm neglected the rays his calcu- 
lations, the results should similar 
those obtained for tangential 
movement. 


The tangential diffusion coefficient 
for other woods has been shown 
vary only slightly with moisture con- 
tent. and Fessel (17) deter- 
mined that the tangential coefficient 
for European alder (Alnus glutinosa 
(L.) Gaertn.) decreased slightly with 
increasing moisture content 75° 
between and per cent, while the 
tangential coefficient for Scotch pine 
increased slightly over the same mois- 
ture content range and temperature. 
Bateman, Hohf and Stamm (2) found 
essential constancy for the tangen- 
tial diffusion coefficient for Sitka 
spruce 40° for air humidities 
corresponding wood moisture con- 
tents between and per cent. 


The marked increase with moisture 
content the moisture-diffusion coef- 
ficient for radial movement beech, 
found this study, consistently 
verified for radial movement many 
kinds wood. Voigt, Krischer and 
Schauss (23) found almost quan- 
titatively identical moisture content 
effect for radial measurements 
European beech. (12) reports 
that Ludwig, Sergowski, and Ogura 
independently obtained linear relation- 
ships the logarithm the radial 
diffusion coefficient and wood mois- 
ture content 40° for European 
beech (Ludwig and Sergowski sepa- 


rately) and for Japanese beech 
(Ogura). 

Martley (14) found almost 
linear increase the logarithm the 
radial diffusion coefficient Scotch 
pine with increasing moisture content 
40° Youngs (24) reported 
increase the radial diffusion coefh- 
cient with moisture content the 
hygroscopic range for northern red 
oak heartwood 37° and 60° 
and also for yellow poplar heartwood 
60° Egner’s (6) results showed 
several-fold increase the radial- 
diffusion coefficient for spruce over the 
moisture content range from 
per cent for temperatures 40°, 60°, 
80° and 100° Joy (9) established 
similar effect for radial movement 
ponderosa pine plywood over the rela- 
tive-humidity range corresponding 
per cent wood moisture con- 
tent. Although there were glue inter- 
faces present the plywood, they 
should not have had much effect 
the relative effect moisture content 
the results. 


difficult explain the differ- 
ence the effect wood moisture 
content the radial and tangential 
diffusion coefficients although the rays 
probably are the cause. Dr. 
Stamm (personal correspondence) be- 
lieves that the differences boundary 
conditions during the experiments 
the two structural directions may have 
caused this peculiar difference. Further 
investigation necessary clarify 
this point. 


Conclusions 


The mechanism moisture move- 
ment through American beech below 
the fiber-saturation point takes place 
combination vapor and bound- 
water movement. The effect temper- 
ature greater the vapor mecha- 
nism than the bound-water mecha- 
nism. The moisture-diffusion coefficient 
for radial movement beech more 
temperature-sensitive than for tangen- 
tial movement, which indicates that 
vapor movement relatively more im- 
portant for radial than for tangential 
movement. 


proposed that this difference 
due the rays, which occupy about 
per cent the volume beech 
and provide radial path for moisture 
movement which relatively few 
cross-walls must penetrated com- 
pared with tangential movement. The 
effect moisture content the radial 
moisture-diffusion coefficient very 
pronounced—so much that the log- 
arithm the diffusion coefficient in- 
creases linearly with moisture content. 
the other hand, the tangential co- 
efficient remains essentially constant 
with moisture 
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Preservation Particleboard 
AND HARDBOARD WITH 


Henry 


Technical Service and Development Dow 
Chemical Co., Midland, Mich. 


Penta can incorporated 
during the manufacturing process 
little cost other than 
for the preservative. Penta 
added the glue looks 
good for commercial use, and. 

does not affect strength. 


Where should the preservative added—to the particles, the sizing, the adhesive? 


more severe. Examples these 
other uses would floor under- 
layment and sub-flooring, wall panel- 
ing, ceiling covering, and interior mill 
work kitchen cabinets. 


per cent these homes had base- 
ment and per cent, had either 
full partial basement. homes 
without basement, per cent were 
built slab and per cent were 
board will also used for other pur- 1956 the United States, built over crawl space. The average- 
poses where exposure conditions will 1,100,000 houses were built. Fifty-five size house built slab 1956 was 


about 1,086 square feet. one-half 


Presented Session Wood Preservation, The Author: Huber holds and all the homes built slab used 
FPRS 12th National Meeting, held 22-27, degrees wood technol ity 


PAST YEARS, the principal use for 
particleboard has been core 
stock used furniture faced with 
wood veneer plastic laminates. 
the future expected that particle- 


1958, Madison, Wis. Michigan. joined Dow 1955. 
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Fig. 1.—Lenzites trabea attack modified soil-block test laboratory-produced particleboard. 


tile wood flooring, this would con- 
stitute market approximately 
96,500,000 square feet particle- 
board. There obviously even 
larger potential market 
board used underlayment 
homes with crawl spaces. 


The conditions temperature and 
humidity either underlayment 
over crawl areas slabs could cer- 
tainly lead decay termite attack. 
Other parts the home may sus- 
ceptible attack drywood termites 
certain areas the United States. 
Millwork used around kitchen sinks 
and washing areas would certainly 
exposed sufficient moisture for de- 


The potential market 
board tropical and subtropical cli- 
mates also large enough warrant 
investigation. these areas, storage 
and shipping conditions alone may 
sufficient allow molds and staining 
organisms grow freely. The inci- 
dence termite attack the tropics 
definitely greater than any encoun- 
tered the United States for almost 
all use conditions. The addition 
preservatives particleboard would 
thus allow its entry into new and ex- 
panded markets. would improve the 
quality over existing products and 
place particleboard much im- 
proved competitive position. 


Method Preservative Addition 


There are number possible 
methods for adding the preservative 
the particleboard during the manufac- 
turing operation. The preservative may 
added the wood particles flakes 
before after they are dried. may 
also may added directly the ad- 
hesive and, depending upon the adhe- 
sive and the preservative, various 
changes may required either one 
the other produce satisfactory 
product. There also the possibility 
incorporating the preservative 
the sizing agent. 

The preservative used for this study 
was pentachlorophenol and its water- 
soluble salt, 
This was logical choice because 
penta’s proven service history 
similar products, its commercial avail- 
ability, and good handling and color 
characteristics. 
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The two most widely used adhesives 
the particleboard industry are urea- 
formaldehyde 
hyde resins and, therefore, were the 
only ones employed the work 
ported herein. There reason 
believe, however, that application 
methods cannot worked out for 
other adhesives. 

this work was desired pre- 
serve only the wood chips. The syn- 
thetic resins are considered resistant 
decay, but not impart this resistant 
quality the wood. 


Adding Preservative Directly 
Wood Particles 


The first method preserving board 
attempted the laboratory was 
spraying the processed chips just prior 
adding the adhesive. The chips 
were first dried moisture content 
slightly below that desired for proper 
resin addition allow for the excess 
moisture added with the preservative. 
The wood chips were sprayed with the 
aqueous sodium pentachlorophenate. 

Aside from the disadvantage that 
the spray mist proved slightly obnox- 
ious operators, the preserved board 
did not show the same physical 
strength the control board. There- 
fore, study was instigated which 
plywood was used and the preservative 
applied spraying the veneer surface 
next the glue line. The plywood- 
shear test was used evaluate strength. 
The bonding that occurs between the 
veneer layers the plywood and the 
individual chips the particleboard 
cannot assumed the same. 
The results are comparable, however, 
and the plywood-shear test provided 
convenient means evaluation. 

Sixty sheets 1/16-inch yellow 
birch veneer were selected and dried. 
Thirty these sheets were sprayed 
with per cent solution sodium 
pentachlorophenate and with 
equivalent amount distilled water. 
Each treatment group was manufac- 
tured into three-ply panels with the 
same spread urea-formaldehyde 
resin. Four plywood-shear specimens 
were cut from each panel, 
them were soaked water room 
temperature for hours before test- 
ing. The results show that definite 
loss shear strength results from the 
preservative treatment described. 


The question arises: What the 
exact cause the loss strength? 
Several possible reasons exist, such 
the contamination the wood sur- 
face with the crystalline material 
the effect the sodium pentachloro- 
phenate alkalinity the adhesive. 


answer the question, another set 
plywood tests was initiated. Veneer 
for subsequent gluing was treated 
the following five ways: 


Treatment I—veneer was sprayed 
with distilled water. 


Treatment was sprayed 
with per cent solution so- 

Treatment was sprayed 
with solution pentachloro- 
phenol (10% concentration) and 
methanol. 

was sprayed 
with buffer solution adjusted 
equivalent Treatment II. 

Treatment V—wet veneer was 
sprayed with per cent solu- 
tion 
nate and dried. 


After each treatment, the veneer was 
reconditioned per cent mois- 
ture content and manufactured into 
plywood panels with urea-formalde- 
hyde resin. Five panels were made for 
each treatment group. Each panel was 
cut into four shear specimens and con- 
ditioned prior testing. 


The sodium pentachlorophenate and 
the pentachlorophenol-methanol treat- 
ments the conditioned veneer re- 
sulted somewhat lower strength, 
while the other treatments gave about 
the same average strength value. These 
findings indicate that the did not 
cause the loss strength, but rather, 
surface contamination was the respon- 
sible factor. The maintenance 
strength the wet veneer sprayed with 
sodium pentachlorophenate (Treat- 
ment could due crystalliza- 
tion the preservative below the 
wood surface during subsequent dry- 
ing. contrast with the specimens 
that showed loss strength, the meth- 
anol water would tend evaporate 
and leave surface crystalline 
preservative, inasmuch the speci- 
mens were sprayed with the preserva- 
tive solution while relatively 
condition. 
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was concluded that, the chips 
were sprayed directly with the 
preservative and the bond strength was 
remain the same, the preservative 
should added prior drying the 
wood particles. 


Adding the Preservative the 
Sizing Agent 

Pentachlorophenol soluble most 
the wax sizing agents certain 
extent. With the majority, however, 
the solubility not sufficient per- 
mit adequate treatment with the small 
amount sizing agent normally added 
chlorophenate likewise not soluble 
enough give adequate protection 


with the amount emulsion normally 


Adding the Preservative the 
Adhesive 


Adhesives the same general type 
may vary widely from manufacturer 
manufacturer, and care must exer- 
cised adding supplementary mate- 
rials such preservatives. Little 
culty was experienced, however, 
adding sodium pentachlorophenate di- 
rectly the urea-formaldehyde and 
phenol-formaldehyde resin. one 
case, urea-formaldehyde resin showed 
tendency cure prematurely, but 
this condition was alleviated neu- 
tralizing the 
nate with acid and suspending 
the With phenol-formalde- 
hyde resins, deepening color may 
noted after the sodium pentachloro- 
phenate added, but there seems 
physical effect the resin. 

alternate method adding the 
the resin adhesive was 
worked out for pentachlorophenol. 
The required amount pentachloro- 
phenol for preservation was solubilized 
approximately equal amount 
alcohol weight. Isopropyl alcohol 
proved the most satisfactory be- 
cause its resin compatibility, penta 
solubility, and cost. This method was 
not investigated thoroughly, however, 

Klauditz, W., and Stolley. 1954. Entwick- 


Holzspanplatten. Holz als Roh-und Werkstoff. 
12:185-189. 
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Fig. 2.—Lenzites trabea attack modified soil-block test commercial particleboard. 


because the increased flammability 
and added solvent cost. 


The laboratory data indicated that 
the direct addition the sodium pen- 
tachlorophenate the resin with 
slight excess water would sat- 
isfactory procedure the manufacture 
however, was necessary carry out 
the procedure commercial plant. 
Other points also needed settled, 
such the amount preservative 
essary for proper protection, the 
amount preservative loss during sub- 
sequent hot-pressing operations, and 
the uniformity preservative distri- 
bution throughout the board. 


Commercial Plant Run 


Several plant runs were successfully 
completed produce board contain- 
ing various combinations sodium 
pentachlorophenate 
dehyde resin and one combination 
sodium pentachlorophenate and phenol- 
formaldehyde resin. Controls 
with each resin were also manufac- 
tured. Samples the wood particles 
with the adhesive 
were taken before pressing for analy- 
sis the preservative. Sections were 
cut from various portions the 
finished board and analyzed deter- 
mine the preservative distribution. 
These analytical samples were also 
subjected the soil-block test 


described ASTM but 
modified decreasing the incubation 
time and excluding the weathering 
cycle. Samples the finished board 
were tested for modulus rupture 
and per cent weight and thickness in- 
crease after 24-hour soak. 

The results obtained analysis 
the furnish and the finished board are 
reported Table all cases, the 
cent preservative was added the 

asis the dry wood weight. The 
analytical results must adjusted 
allow for the additional weight ad- 
hesive, sizing agent, and water, which 
amounted estimated per cent. 

The analytical results 
form distribution the preservative 
throughout the different areas the 
finished board. comparison the 
analysis the wood chips plus ad- 
hesive and preservative with the anal- 
ysis the finished board shows little 
any loss the sodium pentachloro- 
phenate during the hot-press operation. 

The results the soil-block testing 
are presented Table The range 
weight loss control specimens con- 
ditioned equilibrium moisture con- 
tent before and after exposure six 
617) was between and per 
cent. The attack 
formaldehyde bonded 
mens was equally severe that 
the urea-formaldehyde bonded control 
specimens. 


<n 
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Fig. 3.—Exploratory particleboard tests with termites. 
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Table 1.—ANALYSIS RESULTS PRESERVED WOOD CHIPS AND FINISHED BOARD 


Calculated technical 

Av. analyzed per cent grade sodium penta- 
chlorophenate based 
on dry weight of —— — 


Per cent technical technical grade 
grade sodium penta- sodium pentachloro- 


Av. analyzed per cent technical 
grade sodium pentachlorophenate 
(2) in four board locations* 


Urea-Bonded Board 


0.30 0.23 
65 57 
1.00 634 


Phenolic-Bonded Board 


0.26 0.27 C.27 0.30 0.27 
66 .49 .49 -52 .53 
724 75 91 76 


cent sodium pentachlorophenate added resin, based dry weight wood chips. 
“Analysis includes weight of adhesive, moisture, and sizing agent amounting to an estimated 12%. 


Average of two analyses. 


3Location as follows: A—Top center edge of board, B—Top corner of board, C— Middle edge of board, 


D—Center of board. 


result may due inadequate mixing prior sampling. 


Table 2.—STRENGTH AND WATER ABSORPTION PRESERVED PARTICLEBOARD 


Per cent After 24 hour soak? 
technical grade Av. modulus -- —— Number 
sodium pentachloro- of Av. per cent Av. per cent of Av. specific 
phenate added! rupture? thickness swelling weight increase samples gravity* 
Urea-Bonded Board 
Control 1435 6.3 10.2 4 0.61 
1747 4.7 9.2 
1542 4.2 9.0 
1.00 1042 5.4 10.5 4 .52 
Phenolic-Bonded Board 
Control 2146 4.1 9.4 4 -66 
1.00 2339 4.1 8.2 


1 Per cent sodium pentachlorophenate added to resin based on dry weight of wood chips. 


2Over a 15-inch span and 3 inches of width. 


3 Water bath controlled to 70° F. with slight movement. 


oven-dry weight and volume. 


Table 3.—PARTICLEBOARD TEST 


Per cent technical grade 
Sodium pentachloro- 


Av. analyzed per cent 
technical grade sodium 


Calculated technical 


grade sodium pentachloro- 


phenate based on dry Number of Av. per cent 


phenate added! weight wood chips loss* 
Urea-Bonded Board 
Control Control Control 4 18 
0.30 0.27 0.32 4 0+ 
1.00 .76 .88 4 0 
Phenolic-Bonded Board 
Control Control Control 5 17 
1.00 .73 .84 4 0 


cent sodium pentachlorophenate added resin based dry weight wood chips. 
?Analysis includes weight of adhesive, moisture, and sizing agent, which amounted to an estimated 12%. 


Average of two analyses. 


3After 6 weeks of exposure to Lenzites trabea (Madison 617). 
4Visually appeared to have slight attack and some aerial growth on samples. 


weight losses were the only cri- 
terion decay, the addition 
little 0.30 per cent sodium penta- 
chlorophenate based the dry weight 
the wood would sufficient pre- 
vent decay under the conditions this 
test. aerial growth was 
noted the samples containing 0.30 


per cent sodium pentachlorophenate: 


and not those containing 0.65 per 
cent. The threshold value, then, 
probably between 0.30 and 
cent sodium pentachlorophenate added 
the particleboard the basis the 
dry wood weight. 

The results the flexural tests are 
reported Table There appears 
little any difference the modu- 
lus rupture caused the addition 
sodium pentachlorophenate. 

The results the water-absorption 
ported Table The results show 
very little difference 
ment groups and difference 
water absorption thickness swelling 
that could attributed the addition 
the preservative. 

Because the interest hardboard 
and its similarity 
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soil-block tests were also conducted 
this commercially produced material 
and reported Table The thresh- 
old was between 0.40 and 0.60 per 
cent technical grade 
chlorophenate added the basis_ 
the dry weight the wood. The 
method adding the preservative 
will probably have adapted 
suit each plant process. 


Safety Considerations 


The chemicals 
and are 
recognized materials that offer 
potential health and handling hazards. 
the past years, considerable ton- 
nage both materials has been used 
varied industrial applications with 
minimum difficulty, providing 
proper precautionary measures han- 
dling were observed. 

During the course the experimen- 
tal work, health problems were 
encountered. During the application, 
however, practices general good 
housekeeping were observed. would 
follow, then, that under large-scale 
commercial production the operating 
personnel should observe good habits 


Table 4.—HARDBOARD TEST 


Per cent Av. 
technical analyzed 
grade sodium per cent Av. 
pentachloro- sodium Number per cent 
phenate pentachloro- of weight 
phenate samples loss? 
Control Control 
0.26 0.19 14 9 
.60 .54 6 0 
1.20 


cent sodium pentachlorophenate added 
resin based the dry weight wood fiber. 

2After weeks exposure Lenzites trabea 
(Madison 617). 


housekeeping and personal cleanli- 
ness. addition, care should taken 
avoid direct skin and eye contact 
and breathing the spray mist. Spe- 
recommendations 
will dependent upon the type 
operations involved. 


Cost Preservation 


particleboard pounds per 
cubic foot manufactured, approxi- 
mately per cent will adhesive, 
water, and sizing agent. Therefore, 
approximately pounds dry wood 
chips will have preserved. 
0.60 per cent sodium pentachloro- 
phenate (based the dry weight 
the wood chips) used $0.25 per 
pound, the cost preserving 
board will approximately 3/10 
cent per square foot, $3.00 
thousand square feet. The costs pre- 
serving hardboard will approxi- 
mately the same, except that adjust- 
ments will necessary for changed 
thickness and density. 


Conclusion 


the near future, sizeable mar- 
ket may develop for preserved particle- 
board and hardboard. The preservative 
may added the particleboard 
hardboard during the manufacturing 
process little additional cost over 
that the preservative itself. The 
most satisfactory method preserving 
particleboard bonded with either 
phenol-formaldehyde urea-formal- 
dehyde resin direct addition 
adhesive. The amount sodium pen- 
tachlorophenate necessary achieve 
protection modified soil-block test 
for both particleboard and hardboard 
less than 0.65 per cent, based 
the dry wood weight. With the addi- 
tion much 1.0 per cent sodium 
pentachlorophenate, added directly 
the resin and based the dry wood 
weight, loss flexural strength 
was noted particleboard. Also, the 
phenate did not affect water-absorp- 
tion thickness-swelling properties 
over 24-hour soaking period. Com- 
parative strength and water-absorption 
properties have also been observed for 
preserved hardboard. 
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Fig. 1.—Two the test piles 4/4-inch red oak lumber included the study. The top left photo shows pile typical the 
six that were roofed; the right, pile typical the six that were not roofed. Roofs were made corrugated steel wood frame. 


foundation treated timbers. 


Root Your Lumber 
AND INCREASE YOUR PROFITS 


Forest Products Technologists, Carbondale Forest Research Center, 
Central States Forest Experiment Station, Carbondale, 


air-seasoning study red oak showed that lumber 
roofed piles dries faster, more uniformly, and with less degrade. 
$25 pile roof will pay for itself within five 90-day drying periods 


No. 


AIR DRIED PILE PRO- 
TECTED roof usually develops 
less degrade than that dried piles 
without roofs. Much lumber dried 
non-roofed piles, however, because 
many operators feel that costs too 
much build, handle, and maintain 
pile roofs. This study, conducted the 
Central States Forest Experiment Sta- 
tion Kaskaskia Experimental Forest 
southern shows the economic 
advantages roofing red oak lumber 
during air drying. 


Method Study 


Amount degrade and rate dry- 
ing were measured during the air dry- 
ing test piles random width, 


The Authors: Wendell Clark holds 
forestry and wood from 
Iowa State College. 

tion from the University West Virginia. 
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4/4-inch, 10- and 12-foot red oak 
lumber. All lumber was box piled, 
edge-to-edge, piles about feet 
long and feet wide. Low piles 
tiers high) were used because gen- 
eral observation has indicated that the 
beneficial effects roofs are most ap- 
parent the top few tiers pile. 

Six the piles were studied during 
wet spring season; the other six dur- 
ing dry summer season! both sea- 
sons there were two piles each 
No. Common and Better, No. 
Common, and No. Common lum- 
ber. One pile each grade was 
roofed; the other was not roofed 
(Fig. 1). Four moisture-sample boards 
were prepared and placed each 

boards were 
weighed periodically throughout the 
drying period determine the rate 
moisture loss. After approximately 100 
days air drying, the lumber was re- 
moved from the pile, regraded de- 
termine loss grade during drying, 


Presented Session XI, Wood Drying (Ap- 
plied Research), FPRS 12th National Meeting, 
June 22-27, 1958, Madison, Wis. 


All sample boards were prepared recom- 
mended ‘‘Methods determining the mois- 
ture content U.S. Forest Prod. Lab. 
Report 1649 (1950). 


ail piles—both roofed and non-roofed—stickers were carefully aligned, and the lumber was supported inches above the ground 


and inspected for occurrence 
verity bluestain, surface checking, 
and end splitting. 

study uniformity drying 
within the piles, supplementary mois- 
ture content determinations were made 
boards from the top three tiers and 
the next-to-the-bottom tier each pile 
was taken down the end the dry- 
ing period. 


Examining the Results 


Effect Roof upon Lumber De- 
Little degrade developed 
the roofed piles during either season, 
but both seasons most boards the 
top three tiers the non-roofed piles 
dropped one grade more (Fig. 2). 
This drop grade resulted losses 
value high $4.55 per board- 
foot tier for non-roofed No. Com- 
mon and Better lumber (Table 
all piles, severe surface checking 
was the major cause degrade 
(Fig. 3), but checks were more nu- 
merous non-roofed lumber than 
roofed lumber. 


Effect Roof upon Rate Dry- 
ing and Distribution Moisture 
within the Pile: all instances, the 
moisture sample boards the roofed 
piles dried the fiber saturation 
several days sooner than those 


Lumber values per thousand board feet are 
based June, 1957, Memphis Market Prices, 
adjusted apply southern Illinois mills, and 
are follows: FAS—$146, Select—$105, No. 
Common—$76, No. 2 Common—$52, No. 3A 
and No. Common—$32. 

point which all free water has been 
removed from the wood. For red oak this 
approximately 24 per cent moisture content, 
based on oven-dry weight. 
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Fig. 2.—After days air drying during the spring months, litile seasoning degrade had occurred roofed piles (left chart). Con- 
versely, most boards the top three tiers non-roofed piles (right chart) had dropped one more grades. The air-dry grade shown 
the end each board. The numbers parentheses show the number grades lost due seasoning defects. The occurrence and dis- 
tribution degrade these piles No. Common and Better lumber are typical results all piles during both seasons. 


the non-roofed piles, but because 
the original moisture content the 
sample boards the roofed piles was 
less than that the piles, 
definite conclusions the effect 
pile roofs over-all rate drying 
were not possible. The drying rate 
non-roofed lumber noticeably 
more sporadic, however, especially dur- 


Fig. 3.—Fine surface checks red oak 
board extending from the surface deep into 
the wood. Such checks remain the wood 
mar the surface finished products. 


ROOFED PILES 
UNROOFED PILES ——— $5 


= 


ing the alternating wet and dry 
weather the Spring (Fig. 4). This 
fluctuation rate drying probably 
contributed the severe checking 
the non-roofed lumber. Neither uni- 
formity nor rate drying varied 
lumber grades. 


addition providing steadier 
rate drying, the use pile roofs 
also increased uniformity drying 
within the lumber piles. Boards the 
roofed piles differed very little 
moisture content, regardless loca- 
tion. contrast, the moisture content 


Table 1.—COMPARATIVE VALUE LOSSES DUE SEASONING DEFECTS THE TOP THREE 
TIERS ROOFED AND NON-ROOFED LUMBER PILES' 


Spring drying period 


Value loss Value loss 


Summer drying period 


Value loss Value loss 


non- Advan- non- Advan- 
roofed roofed tage roofed roofed tage 

Original grade Tier? piles piles roof piles piles roof 

Dollars 

No. 1C and Btr__- ; 1 3.25 0.00 3.25 4.55 0.78 3.77 
2 1.27 .00 1.27 .69 .16 -53 
3 .88 .67 1.17 
Total : 5.19 5.47 
2 .46 00 46 .00 24 —0.24 
3 26 00 26 .09 C8 —0.08 
1.87 
2 .58 07 51 -40 07 33 
3 27 00 27 20 22 ~0.02 
Total__- 1.50 1.03 


14/4-inch commercial red oak. 


tier contained approximately board feet lumber. Tier was top. 
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MOISTURE 
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SPRING DRYING PERIOD -DAYS 


Fig. 4.—During the rainy spring months 
out roofs. 
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——FIBER SATURATION POINT 


ROOFED PILES 
UNROOFED PILES 


30 40 Ey) 60 70 80 


SUMMER DRYING DAYS 


90 100 


(left graph), lumber the roofed piles dried faster and more uniformly than that non- 
roofed During the summer months (right graph), lumber the roofed piles dried only slightly faster than that the piles with- 
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Fig. 5.—Diagrammatic end views piles with numbers indicating moisture content for individual boards. These figures illustrate 


the variations that occurred within and between roofed (left chart) and non-roofed piles 4/4-inch red oak lumber after 105 days air 


boards near the center the piles 
without roofs was much higher than 
that boards near the edges (Fig. 5). 
This difference was especially notice- 
able the spring when, after days 
air drying, moisture contents ranged 
from per cent within single 
pile. The higher moisture content 
the center the non-roofed piles in- 
dicates that rate drying throughout 
these piles was slower than that for 
the roofed piles. 


Economic Evaluation Pile 
Roofs: Most commercial lumber yard 
operators who roof their lumber for 
drying expect spend approximately 
$25.00 construct sturdy, rain- 
tight pile roof. Those using forklift 
can place and remove roof this 
type for about $1.00. handled with 
reasonable care, such 
usually last about five years. 

Considering savings degrade and 
drying this study shows that 
$25.00 lumber pile roof will pay for 
itself five uses No. Common 
and Better lumber, and uses 
No. Common and No. Common 
lumber (Fig. 6). the same roof 
were used for air-drying periods 
days each (approximately years), 
could expected earn net 
profit $4.50 $5.00 per 
No. Common and Better lumber, 
and $.75 $1.00 per use No. 
Common and No. Common. These 
earnings not include increased 
values due fewer harmful surface 
checks and the better appearance 
lumber dried under cover. 


Summary and Conclusions 


This study was designed investi- 
gate the influence pile roofs 
lumber degrade and uniformity dry- 


Savings drying time are based kiln 
cost $2.00 per thousand board feet per day. 
Due differences moisture content after air 
drying, lumber from the non-roofed piles would 
have required average one more day 
kiln than lumber air roofed piles. 
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drying during dry summer season. The roofed piles, lumber grade, dried faster and more uniformly during both seasons. 


ing during wet and dry seasons 
southern Within the limita- 
tions and scope this study, the fol- 
lowing conclusions were drawn from 
the results 

Little degrade develops roofed 
piles during air drying. Conversely, 
most boards the top three tiers 
non-roofed piles may expected 
drop one more grades. Severe sur- 
face checking—a major seasoning de- 
fect—can greatly reduced the 
use pile roofs. 

Lumber roofed piles dries 
more uniform rate, and apparently 
faster than that non-roofed piles. 

pile roof costing $25.00 can 


VALUE DOLLARS 


expected pay for itself after five 90- 
day drying periods when used cover 
Common and Better lumber. Assuming 
such roof can used five years, 
will earn net profit $4.50 $5.00 
per air-drying period terms high 
quality and more uniformly dried 
lumber. 

$25.00 pile roof can ex- 
pected pay for itself after thirteen 
90-day periods 12-foot pile 
4/4-inch No. Common and 
No. Common lumber. used for 
five years cover these grades, 
would net $.75 $1.00 per drying 
period. 


NUMBER 90-DAY AIR DRYING PERIODS 


Fig. 6.—This chart shows the number uses required pay for constructing and handling 
pile roofs three different original costs when used three grades lumber. The roof 
costs are $20, $25, and $30; costs place and remove roof and the life roof 
assumed five years. The interest rate per cent. Example: $25 roof used 
No. Common and Better lumber will pay for itself during the fifth 90-day drying period. 
After eight periods, this roof would have cost $38, but would have saved $62 made 


net profit $24 reducing seasoning degrade and drying time. 
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Abstracts From Current World Literature 


Wood Drying 


Stevens, The effect air speed 
and flow direction the drying 
pile timber. Timber Technology, Vol. 
66, No. 2225, March 1958, pp. 121-3 

has long been known that the effects 
air movement kiln drying are con- 
siderable. increased air speed tends 
promote faster heat transfer and moisture 
evaporation. However, must realized 
that the wood itself sets limit the 
rate which surface evaporation may take 
place without detriment the material. 
this limit can attained adjusting the 
humidity the air entering, there 
advantage increasing the velocity the 
air when dealing with narrow piles 
timber. Normally, commercial piles tim- 
ber are not narrow modern kilns. With 
pile 7-8 wide and with uni-directional 
air flow, the drying lag can become quite 
appreciable and fast air movement be- 
tween the runs would reduce this rea- 
sonable limits. Unfortunately, the power 
requirements fans increase very rapidly 
with the speed and increasing the velocity 
the air might prove costly where 
not possible install large diameter 
fans. 


cheaper method alternate the 
direction air flow. That the alternating 
air flow leads more uniform drying and 
‘lag’, compared with uni- 
directional air flow, can shown the 
following. After hours drying when 
the inlet samples were 38% moisture 
content, the wettest samples were 73% 
with uni-directional flow, and only 57% 
with alternating flow. [F.D.C. Tech. Bul. 
No. 


Chemical Utilization 


Bristow, J., Sultze, F., and Chase, 
Soap skimmer studies analyses 
feed and skimmed liquors. Tapp/ 40, 
no. 10: (Oct., 1957). 

using analytical method for de- 
termining the amount tall oil (soap) 


black liquor before and after the skimming 
operation, the efficiency the skimming 
equipment can determined 
affecting evaluated. this method the 
most efficient skimmer design, within prac- 
tical limits, may chosen. Knowledge 
the soap potential the black liquor 
well skimmer efficiency affords means 
studying fundamental factors affecting 
actual soap production. was found that 
soap-skimmer efficiency varies over period 
months without any change being made 
the mode operation. The fundamental 
reason for the variation not known, but 
shown that affects measured soap 
production considerably. description 
the analytical method included ap- 
pendix. [Bul. Pap. Chem. 28, No. 


Finishes and Finishing 


New Methods Producing Colored 
Polyester Varnish Coatings. Herbert Nie- 
sen. Holz Als Roh- Und 
16, 

Various methods for producing col- 
ored polyester varnish coatings are de- 
scribed and their applicability 
wood working industry, especially for 
the manufacture furniture and for 
interior decorations, discussed. Two 
the methods described are 
able for coating large surfaces with poly- 
ester varnishes. appears the 
paper that new kind surface treat- 
ment coating has been developed that 
able complete the use 


boards. 


Polyester finishes. Peinture vernissage 
bois, Cahier No. 29, May 1958, pp. 
8-10 (in French) 

Centre Technique Bois 

general review wood finishes, the 
research workers the French Wood Re- 
search Centre consider polyester lacquers 
most interesting for the furniture 
industry. 

One their main advantages stated 
the possibility applying one coat 
only and high solid content (90%) 


The preparation abstracts from world literature many languages highly 
and costly that the Forest Products Research Society has abstracting service 
its own. For the abstracts this issue the JOURNAL the Society indebted 
the respective abstract journals indicated, from which they have been selected with the 
permission the editors. Readers wishing information addition that given 
these abstracts should consult the articles referred to. Copies additional 
information can not supplied FPRS the abstract journal. The journals from 
which abstracts published this issue are follows: 


BRI ABSTRACTS BUILDING SCIENCE PUBLICATIONS, published for the 
use its members, the Building Research Institute, National Academy Sciences— 
National Research Council, 2101 Constitution Avenue, Washington 25, Over 
periodicals are reviewed, plus new books and research reports from industrial, govern- 
mental, and academic laboratories and organizations. 


BULLETIN THE INSTITUTE PAPER CHEMISTRY, published monthly 
Appleton, Wisconsin the Institute Paper Chemistry, subscription price $25 per 
year. This Bulletin publishes over 3,600 abstracts per year subjects interest manu- 


facturers pulp, paper, fiberboard and allied products. 


CHEMICAL ABSTRACTS, published semimonthly the American Chemical 
Executive Sixteenth Street, NW, Washington C., subscription price 
$60 per year plus postage. This abstract journal publishes many thousands abstracts 
annually with broad coverage world literature the entire field chemistry and 


allied subjects. 


TECHNICAL BULLETIN THE FURNITURE DEVELOPMENT COUNCIL 
published bimonthly the Council Adelphi Terrace, London England. 
The Technical Bulletin publishes hundreds abstracts and reviews from world literature 
annually, relating the various phases the furniture manufacturing industry. Subscrip- 


tion price per year. 
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which results the avoidance such 
defects ‘blush’ and ‘orange peel’. Recom- 
mended quantity 500 

When used horizontal surfaces, the 
authors recommend using very fluid lac- 
quer (20-22 sec Ford cup No. 
fill all the pores the wood. vertical 
bringing the viscosity sec. 

recommended that they should 
dried dust-free atmosphere tempera- 
tures not below 18° (65° and not 
above 70% humidity. 

avoid bubbles the finish, the lac- 
quers should not agitated and should 
sprayed maximum opening with low 
for low viscosity lacquers and kg/cm* 
(35-42 in) for the high viscosity 
ones, all cases from fair distance 
ft. 

The adhesion will poor the moisture 
content the timber over 12%. [F.D.C. 
Tech. Bul. No. 40} 


Construction 


Adhesives and Sealants Building. 
Building Research Institute, Pub. 577, 
NAS-NRC Publications Office, 2101 Con- 
stitution Ave., Washington 25, C., 1958, 
160 pp, $5.00 


complete picture progress the use 
adhesives and sealants the building 
industry today. Includes papers, fully 
illustrated, delivered BRI conference 
December 1957. Subject matter includes dis- 
cussion the various types 
and sealants; the sealing joints the 
building exterior using 
rials; the sealing metal curtain walls; 
adhesives for the building interior; adhe- 
sives for structural components; 
pers the future adhesives and sealants 
building; and reports panel discus- 
sions. [BRI Abstracts, June 


Homes. Lumber 
Dealers Research Council, Ring Bldg., 18th 
1957, pp, free 

The ten houses shown this booklet 
were chosen from large number designs 
which have actually been buiit with the 
Lu-Re-Co system. Each house shown was 
chosen for outstanding qualities which gave 
unusual appeal and acceptability. Area 
houses ranges from 900 1145 sq. ft.; 
all but one are one story, with the exception 
being split-level. [BRI Abstracts, June 


National Design Specification for Stress- 
Grade Lumber and Its Fastenings. Natl. 
Lumber Manufacturers 
St., N.W., Washington C., 1957 Edi- 
tion, pp, 50¢ 

Newest edition this specification, in- 
corporating additional reliable 
data and practical experience. NLMA plans 
reissue this specification every three years 
henceforth, with interim 
lished supplements the current edition. 
addition the 9-part specification, there 
are appendices dealing with such sub- 
jects lateral distribution concen- 
trated load, formulas for wood columns 
with side loads and eccentricity, horizontal 
shear checked beams, and others. [BRI 
Abstracts, June 1958} 
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Around the World Forest Products 


Research and Development 


Future Plans the Soviet Timber Industry 


Prof., Dept. Economics. The American University, Wash., 


The following translation from the Russian newspaper 
Izvestia (News), Nov. 14, 1958. deals with the proposed Soviet 
7-year plan (1959-1965) for the timber industry. The plan con- 
tains “control established for development many 


phases Soviet life. 


CONTROL FIGURES PROVIDE 
for great increase production 
the timber, paper and woodworking 
industries. Specifically, production 
paper and cardboard, particle and fi- 
berboard, prefabricated houses, furni- 
ture, plywood, and details will increase. 
Intensive utilization wood 
planned, well processing 
roundwood logging regions 
greatly reduce transportation 
wood unprocessed state. 

“The total production wood, not 
counting that small loggers, will 
increase from 322 million cubic meters 
1958 372-378 million cubic 
meters 1965. Production indus- 
trial wood will increase 
million cubic meters. 

industry [excluding small local saw- 
mills, apparently} increase from 
68.6 million cubic meters 1958 
92-95 million cubic meters 1965. 
the timber-surplus districts the 
North and Siberia, the quantity 
sawmilling will increase 1.8 times. 

the coming years planned 
increase production complete 
prefabricated houses and assemblies 
parts for houses with walls made 
local construction materials. Furniture 
billion rubles, 2.4 times the level 
1958, and the quality marketed 
furniture improve. 

“The cellulose-paper, wood-chemical 
and hydrolysis branches industry 
must receive major development. 
cellulose production approximately 
4.8 million tons 1965 planned, 
2.3 times more than 1958. pro- 
vide for the needs the 
fibers industry, production viscose 
cellulose will increased 580 thou- 
sand tons 1965, 4.5 times. 

million tons and 
cardboard approximately 2.8 million 
tons, 1.6 and four times more, re- 
spectively, than 1958. Especially 


heavy emphasis will placed the 
increase production boxing card- 
board. Production newsprint 
increase 1.8 times. Production pa- 
per for the needs the food industry 
will increase.” 

“Capital investment the timber, 
paper and woodworking industry will 
amount 58—60 billion rubles; that 
is, will increase more than two times 
{in comparison with the previous 
seven-year period constant prices. 
The official ruble-dollar rate ex- 
change 4:1, which may overvalue 
the ruble somewhat.}. this sum, 
approximately per cent will 
directed the development the 
and woodworking 


Fire Tests Discussed 
FAO Meeting Madrid 


The development new fire per- 
formance tests and realistic building 
code requirements relation wood 
and wood products were important 
goal discussed the Fourth FAO 
Conference Wood Technology 
Madrid earlier this year, article 
Unasylva reports. 

The consensus the meeting was 
that codes should based actual 
performance specific material, and 
requirements that material should 
have particular inherent properties 
not consistent with modern technologi- 
cal methods for protective treatment 
materials. 

was reported that methods 
treatment employed commercial 
scale can render wood products re- 
sistant fire the extent that they 
will not burn except when directly 
subjected external source heat, 
and they cease burn 
source removed. 

Wood technologists the meeting 
expressed the need for test that does 
not require extensive space 
pensive auxiliary equipment. The ulti- 
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mate aim would select few for 
international recognition. 
perts thought this was not possible 
the present time and that emphasis 
should placed methods directed 
towards realistic appraisal fire 
hazards. 

Exceptional fire resistance heavy 
timbers well-established fact. Less 
known are the possibilities improve 
the fire resistance wood structures 
ported that fire losses wood frame 
houses Canada are lower than 
other dwellings. Due appropriate 
design frame houses, this has been 
recognized reduction insurance 
rates. 

Another example reported the 
meeting was the case Netherland 
door manufacturers. few years ago 
these doors had maximum fire re- 
test. Today, Dutch manufacturers are 
able produce wooden doors with 

Three lines approach the de- 
velopment testing equipment were 
discernible. They were: tunnel tests; 
box tests; and radiation panel tests. 
was felt that fire testing should 
lend itself the evaluation be- 
havior all types materials during 
fire, and that there was need 
develop specific methods for wood and 
wood-base materials except cases 
where fire-protective treatments were 
involved. 

was recognized that reaction 
fire cannot expressed only one 
index. For research purposes nec- 
essary report measurements such 
ignitability, spread flame, fire pene- 
tration, heat produced combustion, 


smoke intensity, and others. 


Scanning World Wide 
Forest Products Publications 


Germany 


The Microstructure Novopan- 
Particle Boards. Bosshard. (In 
German) Holz Als Roh-Und Werk- 
stoff, 16, No. 

the application special em- 
bedding method the serial microtomy 
particle boards can effected rela- 
tively easy. Thus exact observation 
their microstructure becomes possi- 
ble. The article contains results about 
the distribution the porous area 
and the position the chips over the 
cross section board. 
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Review FPRS papers 


Practical Utilization Hardwoods 


Kenneth Korstian, Rome Kraft 
Co., Rome, Ga., Presented the 
Florida-Georgia-Alabama Section 
Meeting, Dec. 1957. 


The utilization hardwoods the 
South has been increasing over the 
past years. Hardwood use 1955 
increased 17.5 per cent compared with 
gain 9.8 per cent for pine. Hard- 
wood pulp production 
counted for per cent the total 
roundwood production the South. 
the six counties surrounding Rome, 
Ga., only cords hardwood pulp- 
wood were produced 1955, whereas 
1956 production figures these 
six counties totalled 6,572 cords. 


During 1957, the Rome Kraft Co. 
began accept limited amount 
oak produced from 
The use oak, well the soft 
hardwoods, amounts about per 
cent the mill consumption. Until 
the mill began use hardwood, the 
firm had policy hardwood control 
the upland areas. The program 
called for the girdling cull un- 
merchantable hardwoods that were 
overtopping the young pine seedlings. 
Such species post oak, blackjack 
oak, and hickory, were girdled. Desir- 
able species such white oak and 
yellow poplar, were not killed. 

the extreme upper Piedmont 
Plateau, conditions approaching the 
coves the lower Appalachian Moun- 
tains are found. These areas are better 
suited for the growth high-quality 
hardwoods such white oak and yel- 
low poplar, than for pine. Since 
would unwise attempt type con- 
version, these areas are being man- 


aged for quality hardwoods. 


With the advent the limited use 
oak the mill, the cull tree re- 
moval policy has been modified. 
Scheduled hardwood pulpwood opera- 
tions are now part the timber man- 
agement program within 
area. This operation permits 
moval merchantable oak for pulp- 
wood prior the girdling the un- 
acceptable species such hickory and 
elm. Within the Rome area, many spe- 
cies oak are now being utilized for 
pulpwood. Chestnut, scarlet, post, and 
blackjack oaks from the upland ridges, 
and willow, water, and southern red 
oaks from the bottomlands are some 
the oak species now being utilized. 

north central Alabama indicated that 
there were 0.68 cord per acre soft 
hardwoods, 1.57 cords per acre 
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hard hardwoods, and 1.81 cords per 
acre cull hardwoods, including 
hickory. The total merchantable vol- 
ume hardwoods amounts 2.25 
cords per acre. 

Actual cut several tracts the 
Rome area have yielded about 3.5 
acre. Under the earlier program cull 
tree removal, this volume would have 
been girdled and left decay. ad- 
dition this, between 500 and 600 
pine seedlings per acre are being 
released. 

The cull tree removal program 
3,900 acres for the first months 
1957 has required the girdling 


average square feet basal 
area per acre, which has released 
average 930 pine seedlings per 
acre. comparison, the removal 
the merchantable hardwood for pulp- 
wood has left very little volume un- 
merchantable species. The tracts from 
which the hardwoods have been 
moved are now condition for 
growth more desirable trees and 
species. While the primary concern 
pine, mixture desirable hardwoods 
growing understory the pine 
stands acceptable. 

conclusion, objectives the 
Rome Kraft Co. the management 
hardwoods are utilize any mer- 
chantable hardwoods, remove the 
cull hardwoods overtopping pine seed- 
lings, and improve the quality 
hardwood stands favoring desirable 
species. 


Chips Make Dollars 


Robinson, Simpson Paper 
Co., Everett, Wash. Presented 
joint meeting the Inland Empire 
Section and the Northwest Wood 
Products Clinic, April 11, 1958 
Spokane, Wash. 


present, over 1/3 the pulp- 
wood requirements the West Coast 
come from so-called wood waste. The 
only fair way break down what 
this weight, per cent lumber, 
per cent pulp, per cent sawdust 
and shavings, and per cent bark. 
least per cent the wood waste 
could converted chips that can 
sold pulp paper mill. 


Chips generally are sold the 
pound the unit. When sold 
the pound, generally the bone- 
dry weight. The chips are weighed 
when wet, and the per cent moisture 
figured representative sample. 
Some firms use weightometers their 
conveyor belts, others weigh the whole 
load and subtract the weight the 
container. Some firms buy chips the 
unit 200 cubic feet. One buyer will 
use the compacted unit, another will 
use the gravity-fed unit. compacted 
unit should weigh bone-dry, about 400 
pounds more than gravity-fed unit, 
bone-dry. 

Simpson Paper Co. buys chips from 
four different sawmills. One the 
mills cuts between and thousand 
board feet day. This produces av- 
erage units chips day. The 
cost producing unit chips 
about $4.00, which includes the depre- 
ciation the barker, screens, and the 
chipper. The mill receives $10 unit 


for the chips, leaving profit 
per unit $125 profit per day. 

Equipment needed are barker, 
chipper, screen, and means for loading 
the chips. The type barker in- 
stalled will depend upon the size 
the mill and the size the average 
log. There barker the market 
today that can economically bark al! 
logs. The important thing install 
barker that fits the average size log 
used the sawmill. Slabs from rough 
oversize logs can sent the hog. 

The size the chipper used de- 
pends upon the amount that firm ex- 
pects put through it. Although 
16-knife chipper costs more, 
makes more and better chips and saves 
money the end. The size the 
screens depends the size the 
mill. 

Various mills want 
chips. The average size chip around 
inch length. All mills are 
requiring clean and well cut chips, 
just the sawmills are demanding 
better logs. 

ting chipping plant whether 
the species can segregated. Certain 
kinds chips will bring higher prices 
than others. Some take 
mixed chips, others only one kind. 
One way solve this problem 
sort the logs and cut certain length 
time one species and then cut 
another length time another. 

not good business pick 
thinnings and pay the stumpage, 
trucking, felling, and bucking costs, 
when good chips are available from 
the sawmill. The sawmill plywood 
mill can make good profit chips. 
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Articles are listed three ways: title, subject 
and author. Title and subject listings are combined and 
appear first. The exact title each article (omitting only 
the articles and indicated the 
presence authors’ names the Title and Subject Index. 
addition, each article listed under one more sub- 
ject headings. Categories subjects, boldface type, 


reflect terms current usage. 


The Author Index contains entry for every author. 
For articles with single author, the listing gives 


Abrasives: See Finishes and Finishing 

Active Carbon America—1914 1957. 

Adhesives: See Glues and Gluing 


Adhesive and Adhesion Problems Par- 


ticle Board Production. Marian, 

Air Seasoning: See Seasoning 

Analysis the Panel Products Field. 

Anti-Fouling Marine Coatings for Use 
Over Pressure Creosoted Wood. Rich- 

Application Logistic Function Tox- 
icity Testing Wood Preservatives, 

Applying Finishing Materials with Steine- 
mann Pressure-Curtain Coater. John- 

Automation. 
Proposd Modern System Automate 
Lumber Handling. 10: 83-A 


Bark: See Waste Utilization 

Barking: 
Factors Selecting Log Barker for 
Western Pine Region. 

Beech: 
Mechanism Moisture Movement 
Beech Point. 
352 

Black Walnut: 
Evaluating Quality Black Walnut 
Sawlogs. 243 

Blister- and Stain-Resistant Paints. Van- 
noy, 17-A 

Boring: See Machining 


Can Lumber Compete? Bethel, and 

Carbide Wood Cutting Tools. Duff, 
33-A 

Cemented Tungsten Carbides and Their 
Application Woodworking Field. 

Challenge Before Lumber and Plywood 
Industries. French, 25-A 

Equipment and Costs for Profitable Char- 
coal Briquetting. 10: 

Chemical Composition Cork from White 
Fir Bark. Hergert, 11: 335 

Chemical Conversion Wood Residues: 
Part Separation and Utilization 
Hardwood Hemicelluloses. Harris, F., 

Chemical Foam Extension Urea-Formal- 
dehyde Glues. Bornstein, 10: 

Chemical Utilization: See also Pulp and 
Paper, Waste Utilization 


FPRS Title and Subject Index—Vol. VIII, 1958 


How Use the Index 


logically. 


Active Carbon America—1914 1957. 
25-A 
Chemical Conversion Wood Residues: 
Part Separation and Utilization 
Hardwood Hemicelluloses. 248 
eview Chemical Utilization. (Ann. 
Rev.) 
Separation and Properties Hemicellu- 
lose, Cellulose, and Hydrogenated Lignin 
from Sawdust. 150 
Upgrading Spent Sulphite Liquor 
Sugar Removal. 
Chemistry Wood: See also Chemical 
Utilization 
Chemical Composition Cork from 
White Fir Bark. 11: 335 
Dimensional Stabilization Wood: 
Part Phthaloylation. 252 
Distribution Fungicidal Extractives 
Target Pattern Heartwood Western 
Red Cedar. 107 
Extraneous Components Western Red 
Cedar. 189 
Fundamentals Water Vapor Sorption 
Wood. 10: 288 
Method for Dimensional Stabilization 
Wood and Wood Veneer. 197 
Review Chemical Utilization. (Ann. 
Rev.) 
Separation and Properties Hemicellu- 
lose, and Hydrogenated Lig- 
nin from Sawdust. 150 
Color Control Wood Finishing. Martin, 
Colorimetric Determination Creosote 
Old Poles. Hudson, 11: 340 
Comparison Methods Evaluating Ex- 
terior Natural Finishes. Burger, 
10: 282 
Compreg: 
Effect Resin Treatment and Compres- 
sion Upon Weathering Properties Ve- 
neer Laminates. 230 
Construction: 
Analysis the Panel Products Fieid. 
Fire Performance Timber. 
Five Ways Preserve Wood Markets. 
10: 
How Build Better Frame Homes. 
Practical, Low-Cost Roof Framing for 
Light Buildings. 12: 
Continuous Method Scarf Jointing Ply- 
Cottonwood: 
Effect Tension Wood Seasoning 
and Machining Eastern Cottonwood. 
109 
Strength Properties Tension Wood 
and Typical Wood Leaning Eastern 
Cottonwood Tree. 


Counting Methods Woodworking Indus- 


Curing Rates Resorcinol and Phenol- 
Resorcinol Glues Laminated White 
Oak Members. Selbo, 145 
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name, subject, issue number, and page. For articles with 
two more authors, the listing for the first author gives 
all authors’ names, subject, issue number, and page; list- 
ings for co-authors refer back the first author. Two 
more articles the same author are listed chrono- 


article can located quickly. neither the 
author’s name known, there are many clues which 
article can found. For example, article high- 


temperature drying birch may found under both 
Seasoning and Birch. 


title nor 


Debarking: See Barking 

Decay: See also Pathology, Preservation. 
Reinforced Plastics Protective Coatings 
for Wood. 

Decorative Laminates: See also Overlays 
Laminated Prefinishing Composition 
Board. 

Delayed-Memory “Programming. Green, 
30-A 

Design, Economics, and Related Properties 
End and Edge Joints Commonly 
Use. McSwain, 23-A 

Developments Glues and Gluing. (Ann. 

Developments Logging—1957. (Ann. 

Developments Milling—1957. (Ann. 

Development Highly Accelerated Test 
for Water-Resistant Hardwood Plywood. 

Dielectric Heating: See Glues and Gluing 

Differentiation Sapwood and Heartwood 
Western Hemlock Color Tests. 

Dimension: See Lumber 

Dimensional Stability: See also Properties 
Dimensional Stabilization Wood: Part 
Phthaloylation. Risi, and Arseneau, 
Method for Dimensional Stabilization 
Wood and Wood Veneer. 197 

Distribution Fungicidal Extractives 
Target Pattern Heartwood Western 
Red Cedar. McLean, and Gardner, 
107 

Douglas-fir: 
Factors Influencing Design Douglas- 
fir Plywood Panels. 226 
High Drying Temperatures—Do They 
Harm Douglas-fir Veneers. 128 
Spiral Grain Second-Growth Douglas- 
fir and Western Hemlock. 205 

Dowel Joint Strength: Effect Dowel 
Type, Hole Size, and Adhesive. Nearn, 
and Clarke, 11: 326 

Drying: See Seasoning 

Drykilns: See Kilns, Seasoning 


Economic Aspects Particle Board Opera- 
tion. Seip, 26-A 

Education: 
How Can Get More and Better 
Students Study Forest Products Tech- 
nology? 
Role Educational Institutions For- 
est Products Research. 10: 

Effects Compression Wood Mechani- 
cal Properties White Spruce and Red 
Pine. Perem, 235 

for Distinguishing Heartwood and Sap- 
wood Pine. Phillips, and 
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Effect Incising Penetration Creo- 
sote Japanese Cedar Poles. Hattori, 
27-A 

Effect Overlay Materials Flexural 
Properties Commercial Particle Board. 

Effect Particle Geometry 
Content Bending Strength Oak 
Flake Board. (Hon. Mention, Wood 
Award) Post, 10: 317 

Effect Resin Treatment and Compression 
Upon Weathering Properties Veneer 
Laminates. Lloyd, and Stamm, 
230 

Effect Temperature Electrical Re- 
sistance Wood Several Moisture 
Contents. Davidson, 160 

Effect Tension Wood Seasoning and 
Machining Eastern Cottonwood. Clark, 

Electron Microscope Studies Pit Mem- 
brane Structure Wood. (Hon. Men- 
tion, Wood Award) Cote, 10: 
296 

End Gluing Lumber. Richards, 

Engineering Approach Logging and Mill- 

Equipment and Costs for Profitable Char- 
coal Briquetting. Haigh, 10: 

Evaluating Quality Black Walnut Saw- 
logs. King, 243 

Evolution Quality Control System for 

Exposure Characteristics Clear Finishes 
for Exterior Wood Surfaces. Estrada, 

Extraneous Components Western Red 
Cedar. Gardner, and Barton, 
189 


Factors Affecting Amount Naphthalene 
Condensate During Boiling Under 
Vacuum Creosote. Bramhall, and 

Factors Influencing Design Douglas-fir 


Plywood Panels. Colbeck, 
and Northcott, 226 
Factors Selecting Log Barker for 


Western Pine Region. Hunt, 
31-A 

Factors That Affect Cost Hardwood Kiln 

Fast, Mechanized Ways Unload Lum- 
ber from Box Cars. McLaughlin, 
and LaSpisa, 10: 

Fiberboard: See Hardboard, 
Board, Particle Board 

Finishes and Finishing: 
Anti-Fouling Marine Coatings for Use 
Over Pressure Creosoted Wood. 240 
Applying Finishing Materials with Stein- 
emann Pressure-Curtain Coater. 10: 
Blister- and Stain-Resistant Paints. 
17-A 
Color Control Wood Finishing. 
31-A 
Comparison Methods Evaluating 
Exterior Natural Finishes. 10: 282 
Exposure Characteristics Clear Fin- 
ishes for Exterior Wood Surfaces. 
Finishing Developments—1957. (Ann. 
Fundamental Techniques Involved Effi- 
cient Spray Finishing. 10: 68—A 
Laminated Prefinishing Composition 
Board. 
Significance Knife Marks Lumber 
Core Surfaces. 10: 
Survey Methods Measuring Smooth- 
ness Wood. 10: 275 
Technological Advancés Veneer and 
Plywood Materials, Machines, and Meth- 
ods. 

Fire Performance: 

Fire Performance Timber. Thompson, 


Insulation 
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31-A 
Fire-Resistance Tests Solid Wood 
Flush Doors. Miniutti, 141 

Five Ways Can Preserve Wood Mar- 
kets. Hoffman, 10: 

Forced-Air Drying Pays Dividends. Pfeif- 

Fork Lift Truck for Handling Forest Prod- 
ucts. Beach, Jr. 19-A 

Fuel: See Waste Utilization 

Fundamentals Water Vapor Sorption 
Wood. (ist place winner, Wood 
Award) Spalt, 10: 288 

Fundamental Techniques Involved 
cient Spray Finishing. McCaslin, 
10: 68-A 

Fungistatic Effectiveness 
Copper Abietate and Formate Pre- 
servatives. McNight, and Mer- 
rall, 256 

Furniture: See also Finishes and Finish- 
ing, Glues and Gluing, Particle Board 
Color Control Wood Finishing. 
31-A 
Dowel Joint Strength: Effect Dowel 
Type, Hole Size, and Adhesive. 11: 326 
Finishing Developments—1957. (Ann. 
Rev.) 
Fundamental Techniques Involved 
cient Spray Finishing. 10: 
Reduce Woodworking Costs Through 
Methods Improvement. 10: 
Statistical Quality Control Pays Off 
Woodwork. 


Glues and Gluing: 
Adhesive and Adhesion Problems Par- 
ticle Board Production. 172 
Formaldehyde Glues. 10: 
Continuous Method Scarf Jointing 
Plywood Panels. 
Curing Rates Resorcinol and Phenol- 
Resorcinol Glues Laminated White 
Oak Members. 145 

Design, Economics, and Related Proper- 
ties End and Edge Joints Commonly 
Use. 
Developments Glues 
(Ann. Rev.) 
Dowel Joint Strength: Effect Dowel 
Type, Hole Size, and Adhesive. 11: 326 

End Gluing Lumber. 

Effects Sur- 


lue-Joint Strength. 
face Texture. Marian, E., Stumbo, 


Pilot Planting Laminated 
19-A 
Adhesives for Edge and End 
Gluing. 10: 55-A 

Thermosetting, Exterior-Plywood Type 
Adhesives from Bark Extracts. 10: 269 
Wood Failure—Within Species and Be- 
tween Species. 180 

Wood Wood Bonds with Epoxide 
Resins—Species Effect. 182 


Hardboard: 
Laminated Prefinishing Composition 
Board. 35-A 
Preservation Particle Board. 12: 356 
Quality Control Composition Board. 
11: 30-A 
Moduli Rupture and Elasticity 
Commercial Hardboard. 177 

Hardwoods: See listing species 

Helicopters for Forest Operations. Town- 

Helicopters for Forest Resource Managers. 
Ferris, 12-A 

Helicopters Logging Operations. Sloan, 
15-A 


Hemlock: 
Spiral Grain Second-Growth Douglas- 
fir and Western Hemlock. 205 

High Drying Temperatures—Do They 
Douglas-fir Veneers. Currier, 
128 

High-Frequency Heating: See Glues and 
Gluing 

High-Temperature Kiln-Drying Lumber 
—Summary Canadian Progress. Cal- 

History and Development Wood Preser- 
vation for Millwork. Lance, 10: 
61-A 

Housing: See also Construction 


How Can Get More and Better Stu- 
dents Study Forest Products Technol- 
ogy? Industry-Education 
Bus. Meeting. 

How Build Better Frame Homes. Burpee, 


Imported Woods: 
Properties and Uses Balsa. 
Properties and Uses High-Density 
Imported Woods. 11: 

Impact Force-Deflection Diagrams for the 
FPL Toughness Test. Davidson, 

Impreg: 
Effect Resin Treatment and Com- 
pression Upon Weathering Properties 
Veneer Laminates. 230 

Improved Device for Measuring the Defor- 
mation Wood Specimens Compres- 
sion Parallel Grain. McGowan, 
and Yelf, 10: 314 


Kiln Drying: See also Seasoning 
Factors That Affect Cost Hardwood 
Kiln Drying. 
High Drying Temperatures—Do They 
Harm Douglas-fir Veneers. 128 
High Temperature Kiln-Drying Lum- 
ber—Summary Canadian Progress. 
200 
Kiln Drying Southern Hardwood Cross- 
ties. Huffman, 165 
Prediction Equation for Veneer Drying 
Schedules. 137 


Lacquers: See Finishes and Finishing 
Laminating: See also Glues and Gluing 
Curing Rates Resorcinol and Phenol- 
Resorcinol Glues Laminated White 
Oak Members. 145 
Laminated Prefinishing Composition 
Pilot Planting Laminated 4’s. 
19-A 
Lignin: See Chemical Utilization 
Logging: 
Developments Logging—1957. (Ann. 
Rev.) 
Engineering Approach Logging and 


Milling. 

Helicopters for Forest Operations. 
20-A 

Helicopters for Forest Resource Man- 


agers. 12-A 

Helicopters Logging Operations. 

Methods Attaining Greater Logging 
Safety. 28-A 

Mobile Radio, New Tool Logging 
Operations. 10: 49-A 

Present and Future Uses Helicopters. 
9-A 

Tree Grade Cruising Possibilities from 
Study Second Growth White Oak. 
214 
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Utilization Hardwood Logging Resi- 
due. 
When Can Log Air? 17-A 
Lumber and Lumber Manufacture: See 
also Sawmilling 
Can Lumber Compete? 
Challenge Before Lumber and Plywood 
Industries. 
Delayed-Memory Programming. 
Merits Riderless Setter-Operated 
Carriages. 36-A 
Packaging Lumber 
Money. 10: 
Practical Production Analysis. 
Proposed Modern System Automate 
Lumber Handling. 10: 
Veneer and Lumber Void Filler. 
Lumber Treatment Vacuum Process. 


Saves Time and 


Machining: 
Carbide Wood Cutting Tools. 
Cemented Tungsten Carbides and Their 
Effect Tension Wood Seasoning 
and Machining Eastern Cottonwood. 
109 
Principles Involved Match Ripping. 
242 
Recent Developments 
Tenoners and Borers. 10: 
Significance Knife Marks Lumber 
Core Surfaces. 10: 
Status Tungsten Carbide Wood- 
working Industry. 
Management: 
New and Revolutionary Method 
locating Costs Veneer Grades. 
27-A 
Marketable Sawdust Composts: Their Prep- 
aration and Fertilizing Value. Wilde, 
Materials Handling: 
Fast, Mechanized Ways Unload Lum- 
ber from Box Cars. 10: 
Fork Lift Truck for Handling Forest 
Products. 
Packaging Lumber Saves 
Money. 10: 
Pallets Play Important Part Materials 
Handling. 
Proposed Modern System Automate 
Lumber Handling. 10: 
Mechanism Moisture Movement Beech 
Below Fiber-Saturation Point. Skaar, 
Merchandising: 
Five Ways Can Preserve Wood 
Markets. 10: 
History and Development Wood Pres- 
ervation for Millwork. 10: 
How Build Better Frame Homes. 
21-A 
Merits Riderless Setter-Operated Car- 
Method for Dimensional Stabilization 
Wood and Wood Veneer. Ericks, 
Methods Improvement: 
Reduce Woodworking Costs Through 
Methods Improvement. 10: 
Methods Attaining Greater Logging 
Safety. Reeves, 28-A 
Millwork: 
Fire-Resistance Tests 
Flush Doors. 141 
History and Development Wood 
Preservation for Millwork. 10: 
Mobile Radio, New Tool Logging Op- 
erations. Olin, 10: 
Moisture Measurement: See Seasoning 
More Wood Research: Essential for Na- 
tional Security. Roderick, 10: 


Time and 


Solid Wood 


Naval Stores: See Chemical Utilization, 
Chemistry Wood 

New and Revolutionary Method Allo- 
cating Costs Veneer Grades. May- 


Overlays: See also Decorative Laminates 
Effect Overlay Material Flexural 
Properties Commercial Particle Board. 
219 


Reinforced Plastics Protective Coatings 


for Wood. 


Packaging: See also Materials Handling 
Packaging Lumber Saves Time and 
Money. Fowler, 10: 

Paints and Painting: See also Finishes 
and Finishing 
Anti-Fouling Marine Coatings for Use 
Over Pressure Creosoted Wood. 240 
17-A 

Finishing Developments—1957 (Ann. 
Rev.) 

Pallets: See Materials Handling 

Pallets Play Important Part Materials 

Paper Overlays: See Overlays 

Particle Board: 

Adhesive and Adhesion Problems Par- 
ticle Board Production. 172 

Analysis Panel Products Field. 
Economic Aspects Particle Board Op- 
eration. 

Effect Overlay Materials Flexural 
Properties Commercial Particle Board. 
219 

Effect Particle Geometry and Resin 
Content Bending Strength Oak 
Flake Board. 10: 317 

Evolution Quality Control System 
for Particle Board. 

Laminated Prefinishing Composition 
Board. 

Particle Boards: Their Classification and 
Composition. Marra, 12: 
Preservation Particle Board. 12: 356 
Quality Control Composition Boards. 
11: 30-A 

Use Development 
27-A 

Pathology: See also Preservation 
Effect Fungal Decay Benzidine 
Test for Distinguishing Heartwood and 
Sapwood Pine. 157 
Reinforced Plastics Protective Coatings 
for Wood, 25-A 

Pentachlorophenol: See Preservation 

Pentachlorophenol and Heavy Petroleum 
for Preservative Treatment Railway 
Crossties. Olson, E., Meyer, and 

Physics: See Properties 

Pilot Planting Laminated McKean, 

Plant Layout: See Materials Handling 

Plywood: See also Veneer 
Analysis Panel Products Field. 
Challenge Before Lumber and Plywood 
Industries. 
Formaldehyde Glues. 10: 
Method Scarf Jointing 
Plywood Panels. 
Development Highly Accelerated Test 
for Water-Resistant Hardwood Plywood. 
113 
Effect Resin Treatment and Compres- 
sion upon Weathering Properties Ve- 
neer Laminates. 230 
Factors Influencing Design Douglas-fir 
Plywood Panels. 226 


for Particle Board. 


FOREST PRODUCTS JOURNAL 


New and Revolutionary Method Allo- 
cating Costs Veneer Grades. 
27-A 
Rapid Delamination Test for Plywood. 
118 
Plywood Pressing Equipment. 
Survey Methods Measuring Smooth- 
ness Wood. 10: 275 
Survey Veneer and Plywood Research 
Facilities United States. (Ann. Rev.) 
Technological Advances Veneer and 
Plywood Materials, Machines, and Meth- 
ods. 19-A 
Thermosetting, Exterior-Plywood Type 
Adhesives from Bark Extracts. 10: 269 

Pollution Control: 
Water Pollution Control California 
Related Forest Industry Development. 
17-A 

Power Requirements Log Carriage Set- 
works. Mater, 154 

Practical, Low-Cost Roof Framing for Light 
Buildings. Boyd, and Esmay, 
12: 16-A 

Practical Production Analysis. Pauley, 


Prediction Equation for Veneer Drying 
Schedules. Chrismer, and Hart, 

Prefabricated Housing: See Housing 

Present and Future Uses Helicopters. 
9-A 

Preservation: 

Anti-Fouling Marine Coatings for Use 
Over Pressure Creosoted Wood. 240 
Application Logistic Function Tox- 
icity Testing Wood Preservatives. 

Colorimetric Determination Creosote 
Old Poles. 11: 340 

Effect Incising Penetration Creo- 
sote Japanese Cedar Poles. 
Electron Microscope Studies Pit Mem- 
brane Structure Wood. 10: 296 
Factors Affecting Amount Naphtha- 
lene Condensate During Boiling Un- 
der Vacuum Creosote. 211 

Five Ways Can Preserve Our Wood 
Markets. 10: 

Fungistic Effectiveness 
Copper Abietate and Formate Pre- 
servatives. 256 

History and Development Wood 
Preservation for Millwork. 10: 
How Build Better Frame Homes. 
21-A 

Kiln Drying Southern Hardwood 
Crossties. 165 

Lumber Treatment Vacuum Process. 

and Heavy Petroleum 
for Preservative Treatment Railway 
Crossties. 

Preservation Particle Board. Huber, 
12: 356. 

Relative Effectiveness Several Oil- 
Soluble Wood Preservatives. 
Report Wood Preservation Activities 
Strength Retention Wood Decayed 
Small Weight Losses. 10: 308 

Principles Involved Match Ripping. 

Procedure for Measuring Volume Small 
Wood Samples. Miller, and May, 
224 

Programming: 
Delayed-Memory Programming. 

Effect Compression Wood Me- 
chanical Properties White Spruce and 
Red Pine. 235 

Effect Overlay Material Flexural 
Properties Commercial Particle Board. 
219 
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Effect Temperature Electrical Re- 
sistance Wood Several Moisture 
Contents. 160 

Effect Tension Wood Seasoning 
and Machining Eastern Cottonwood. 
109 

Electron Microscope Studies Pit Mem- 
brane Structure Wood. 10: 296 
Fundamentals Water Vapor Sorption 
Wood. 10: 288 

Mechanism Moisture Movement 
Beech Below Fiber-Saturation Point. 12: 
352 


and Uses Balsa. Kohn, 


27-A 

Properties and Uses High-Density Im- 
ported Woods. Stearns, 11: 
Relation Mechanical Properties 
Wood and Nosebar Pressure the Pro- 

Review Methods for Sampling 
Timber. 263 

Strain Behavior Wood Tension 
Parallel Grain. 11: 330 

Strain Behavior Wood Subjected 
Repetitive Stressing Tension Parallel 
Grain. 10: 301 

Strength Properties Tension Wood 
and Typical Wood Leaning Eastern 
Cottonwood Tree. 

Strength Retention Wood Decayed 
Small Weight Losses. 10: 308 

Swelling Pressure Wood. 193 
Proposed Modern System Automate Your 
Handling. Mater, 10: 


Pulp and Paper: 


Upgrading Spent Sulphite Liquor 
Sugar Removal. 

Water Pollution Control California 
Related Forest Industry Development. 
17-A 


Quality Control: 


Evolution Quality Control System 
for Particle Board. 

Quality Control Composition Boards. 
Panel Discussion. 11: 

Review Quality Control Wood- 
working. (Ann. Rev.) 

Statistical Quality Control Pays off 
Woodwork. 

Statistical Quality Control Program. 


Radio-Frequency Heating: See Glues and 
Gluing 

Rapid Delamination Test for Plywood. 
Campbell, Jr. 118 


Recent Developments Double-End Ten- 


oners and Borers. White, 10: 
74-A 


Red Cedar: 


Distribution Fungicidal Extractives 
Target Pattern Heartwood Western 
Red Cedar. 107 

Extraneous Components Western Red 
Cedar. 189 


Red Pine: 


Effect Compression Wood Me- 
chanical Properties White Spruce and 
Red Pine. 235 

Reduce Woodworking Costs Through 


Rupture and Elasticity Commercial 
Hardboard. Hofstrand, 177 

Relative Effectiveness Several Oil-Soluble 
Wood Preservatives. Zabel, and 

Report Wood Preservation Activities— 

Research: 
More Wood Research: Essential for Na- 
tional Security. 10: 
Role Educational Institutions For- 
est Products Research. 10: 
Role Federal Government Forest 
Products Research. 10: 
Role Private Industry Forest Prod- 
ucts Research. 10: 

Residues from the Sawmill. Smoke 
Profit? Field, Peter. 11: 

Review Chemical Utilization. (Ann. 

Review Methods for Sampling Tim- 
ber. Pearson, and Williams, 
263 

Review Quality Control Woodwork- 
ing. (Ann. Rev.) Latimer, 

Role Educational Institutions Forest 
Products Research. Shirley, and 
Jahn, 10: 45-A 

Role Federal Government 
Products Research. Harper, 10: 

Role Private Industry Forest Products 
Research. Patnode, 10: 

Roof Your Lumber and Increase Your 
12: 


Safety: 
Methods Attaining Greater Logging 
Safety. 28-A 
Sanding: See Finishes and Finishing 
Sawdust: See Waste Utilization 
Sawing and Sawmilling: 
Developments Milling—1957. (Ann. 
Rev.) 
Engineering Approach Logging and 
Milling. 
Evaluating Black Walnut 
Sawlogs. 243 
Merits Riderless Setter-Operated 
Carriages. 
Practical Production Analysis. 
Power Requirements Log Carriage 
Setworks. 154 
Residues from the Sawmill. 
Profit? 11: 
Seasoning: 
Effect Temperature Electrical Re- 
sistance Wood Several Moisture 
Contents. 160 
Effect Tension Wood Seasoning 
and Machining Eastern Cottonwood. 
109 
Electron Microscope Studies Pit Mem- 
brane Structure Wood. 10: 296 
Factors That Affect Cost Hardwood 
Kiln Drying. 
Forced-Air Drying Pays Dividends. 11: 
22-A 
High-Temperature Kiln-Drying Lum- 
ber—Summary Canadian Progress. 
200 
Kiln Drying Southern 
Crossties. 165 
Mechanism Moisture Movement 


Smoke 


Simplified Tension Tests for Wood. Rich- 

Softwoods: See listing species. 

Specialized Plywood Pressing Equipment. 

Spiral Grain Second-Growth Douglas- 
fir and Western Hemlock. Elliott, 
205 

Control Pays off 

Statistical Quality Control Program. Ross, 
24-A 

Status Tungsten Carbide Woodwork- 

Strain Behavior Wood Tension Paral- 
lel Grain. King, 11: 330 

Strain Behavior Wood Subjected 
Repetitive Stressing Tension Parallel 
Grain. (Hon. Mention, Wood Award) 
Kellogg, 10: 301 

Strength: 
Effect Overlay Materials Flexural 
Properties Commercial Particle 
Board. 219 
Strength Properties Tension Wood 
and Typical Wood Leaning Eastern 
Strength Retention Wood Decayed 
Small Weight Losses. (2nd place winner, 
Wood Award) Kennedy, 10: 308 

Structure: 
Differentiation Sapwood and Heart- 
wood Western Hemlock Color 
Tests. 104 
Electron Microscope Studies 
Membrane Structure Wood. 10: 296 
Spiral Grain Second-Growth Douglas- 
fir and Western Hemlock. 205 

Survey Adhesives for Edge and End 
Gluing. Estep, 10: 

Survey Methods Measuring Smooth- 
ness Wood. Elmendorf, and 
Vaughan, 10: 275 

Survey Veneer and Plywood Research 
Facilities United States. (Ann. Rev.) 
Suspension Drying Sawdust. Corder, 

Swelling Pressure Wood. Tarkow, 
and Turner, 193 


Technological Advances Veneer and 
Plywood Materials, Machines, and Meth- 
ods. Eason, 19-A 

Testing: 

Application Logistic Function Tox- 
icity Testing Wood Preservatives. 

Colorimetric Determination Creosote 
Old Poles. 11: 340 

Differentiation Sapwood and Heart- 
wood Western Hemlock Color 
Tests. 104 

Comparison Methods Evaluating 
Exterior Natural Finishes. 10: 282 
Development Highly Accelerated 
Test for Water-Resistant Hardwood Ply- 
wood. 113 

Effect Fungal Decay Benzidine 
Test for Distinguishing Heartwood and 
Sapwood Pine. 157 

Diagrams 
FPL Toughness Test. 

Improved Device for Measuring De- 
formation Wood Specimens Com- 


Methods Improvement. Vasiliou, 10: 

Reducing Heat Distortion Knife and 
Pressure Bar Assemblies Veneer 
Lathes. Fiehl, 216 

Reinforced Plastics Protective Coatings 
for Wood. Mark, and Zuckerman, 

Relation Mechanical Properties Wood 
and Nosebar Pressure Production 

Relationship Specific Gravity Moduli 


28-A 


Beech Below the Fiber-Saturation Point. 

Roof Your Lumber and Increase Your 
Profits. 12: 19-A 

Variation Moisture Content Air- 
Seasoned Southern Pine Georgia. 


Separation and Properties Hemicellulose, 


Cellulose, and Hydrogenated Lignin from 
Sawdust. Schuerch, 150 


Significance Knife Marks Lumber 


Core Surfaces. Hyler, 10: 


pression Parallel Grain. 10: 314 
Procedure for Measuring Volume 
Small Wood Samples. 224 

Rapid Delamination Test for Plywood. 
118 

Review Methods for 
Timber. 263 

Simplified Tension Tests for Wood. 

Strain Behavior Wood Tension 
Parallel Grain. 11: 330 

Strain Behavior Wood Subjected 
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Repetitive Stressing Tension Parallel 
Grain. 10: 301 
Survey Methods Measuring Smooth- 
ness Wood. 10: 275 
Transformer-Type Strain Gage for Wood. 

Thermosetting, Exterior-Plywood Type Ad- 
hesives from Bark Extracts. Herrick, 
and Bock, 10: 269 

Transformer-Type Strain Gage for Wood. 

Tree Grade Cruising Possibilities from 
Study Second Growth White Oak. 
Worley, P., Schmidt, and 

Trusses 
Practical, Low-Cost Roof Framing for 
Light Buildings 12: 


Upgrading Spent Sulphite Liquor Sugar 
Removal. Luner, P., Dubey, 

Use Development for Particle Board. Lewis, 
27-A 

Utilization Hardwood Logging Residue. 

Utilization: See Chemical and Waste 
Utilization 


Variation Moisture Content 
Seasoned Southern Pine Georgia. 

Varnish: See Finishes and Finishing 

Veneer: See also Plywood 
Challenge Before Lumber and Plywood 
Industries. 
Effect Resin Treatment and Compres- 


sion Upon Weathering Properties 


Veneer Laminates. 230 
High Drying Temperatures—Do They 
Harm Douglas-fir Veneers. 128 


TECHNICAL COUNSEL 


full staff specialists with years experience 
and complete laboratory facilities, ready assist 


every way. 


ENGINEERING SERVICI: 


experienced engineering department help 
planning, designing and installing new 
pressure-treating plants; modernizing old plants; 
selecting equipment meet your specific needs. 


Method for Dimensional Stabilization 
Wood Veneer. 197 
New and Revolutionary Method Allo- 
cating Costs Veneer Grades. 
27-A 

Prediction Equation for Veneer Drying 
Schedules. 137 
Reducing Heat Distortion Knife and 
Pressure Bar Assemblies Veneer 
Lathes. 216 
Wood and Nosebar Pressure Produc- 
Survey Veneer and Plywood Re- 
search Facilities United States. (Ann. 
Rev.) 
Technological Advances Veneer and 
Plywood Materials, Machines, and Meth- 
ods. 19-A 
Veneer and Lumber Void Filler. Carlson, 
32-A 


Wallboard: See Fiberboard, Hardboard, 
Insulation Board 

Waste Utilization: See also Chemical 
Utilization 
Active Carbon America—1914 
1957. 
Chemical Conversion Wood Residues: 
Part Separation Utilization 
Hardwood Hemicelluloses. 248 
Equipment and Costs for Profitable Char- 
coal Briquetting. 10: 
Marketable Sawdust Composts: Their 
Preparation and Fertilizing 11: 


Residues from the Sawmill. Smoke 
Profit? 11: 

Separation and Properties Hemicellu- 
lose, Cellulose, and Hydrogenated Lig- 
nin from Sawdust. 150 

Suspension Drying Sawdust. 


PENTAchlorophenol 


Thermosetting, Exterior-Plywood Type 
Adhesives from Bark Extracts. 10: 269 
Upgrading Spent Sulphite Liquor 
Sugar Removal. 

Utilization Hardwood Logging Resi- 
due. 

Water Pollution Control California 
Related Forest Industry Development. 

When Can Log Air? Agar, 

White Fir: 

Chemical Composition Cork from 
White Fir Bark. 11: 335 

White Oak: 

Curing Rates Resorcinol 
Resorcinol Glues Laminated White 
Oak Members. 145 

Tree Grade Cruising Possibilities from 
Study Second Growth White Oak. 
214 

White Spruce: 

Effect Compression Wood Me- 
chanical Properties White Spruce and 
Red Pine. 235 

Wood Award: 
Effect Particle Geometry and Resin 
Content Bending Strength Oak 
Flake Board. (Hon. Mention) 10: 317 
Electron Microscope Studies Pit Mem- 
brane Structure Wood. (Hon. Men- 
tion) 10: 296 
Fundamentals Water Vapor Sorption 
Wood. place winner) 10: 288 
Strain Behavior Wood Subjected 
Repetitive Stressing Tension Parallel 
Grain. (Hon. Mention) 10: 301 
Strength Retention Wood Decayed 
Small Weight Losses. (2nd place winner) 
10: 308 

Wood Failure—Within Species and Be- 
tween Species. Northcott, 180 

Wood Wood Bonds with Epoxide Resins 
—Species Effect. Williamson, and 


PRESERVATIVES 


Most satisfactory and permanent all wood 
preservatives against decay, fungi, termites and 


other wood boring insects. 


NOXTANE SAP STAIN CONTROL 


Most effective, safe and economical treatment 
made for protection against sap stain fungi. 
Leaves wood bright and clear. Quick solubility, 
dustless, non-irritating. Won’t damage metal 


equipment. 


EQUIPMENT 


Exclusive national sales agents for 
Efurd Machine Welding Com- 
any, builders Hurricane 

ebarkers, Peelers, Framers, 
Incisors, Trams, etc. 


WOODTOX Penta Preservative and 
Water Repellent 


clear, clean, non-staining treatment combining 
advantages Penta plus resistance against 
swelling, warping, and other moisture 
damage. Meets NWMA and Western Pine 
Assoc. preservative standards. 


Whatever your the protection and preser- 
vation forest products, this where you can 
always get the right answers quick! Write phone. 


WOOD TREATING CHEMICALS CO. 


5137 Southwest Avenue St. 10, Missouri 
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NOW! COMPLETE YOUR FPRS 


NAL PRICE! 


RANKLY, over-stocked with early 
issues the valuable Annual Proceed- 
ings the Society, and can make 
limited number copies available 


greatly reduced prices. 


The volumes represent the choice papers 
presented each year the National Meet- 
ing. Order one book, complete set. 


These volumes will sent you post- 
paid extra charge regardless 
where you are located North America 
overseas. 


PARTIAL CONTENTS THESE VOLUMES DESCRIBED BELOW: 


1947—Vol. ENGINEERING, PRESERVATION, SEA- 
SONING. papers, 344 pp. 


Articles cover: whole wood fiber manufacture; lignin chemistry; processing 
pine gum; paper and plastic overlays for veneer and plywood: integrated 
utilization; trends logging; pulpwood logging developments eastern 
Canda; building codes postwar wood construction; engineering prob- 
lems prefabricated homes; postwar packaging field; functional furniture; 
postwar woodworking glues; metal wood bonding; high frequency 
woodworking; wood finishing; the use car treated lumber; fence posts; 
untapped market tor the wood preserver; acid-proofing wood; the 
seasoning wood vapor organic chemicals; kiln design; 


tungsten carbide developments; and tight cooperage plywood. Regular 
price $6.00 Now $2.50 


1948—Vol. FIBER PRODUCTS, BARKING, FINISHES, 
MACHINERY, HEATING. papers, 500 pp. 


Articles cover: economics wood-waste utilization; losses Redwood 
logging; small log gang sawmill; utilization low-grade hardwood lum- 
ber; wood-distillation industry; sawdust carbonization; animal feeds from 
wood residue; small wood briquetting machine; special machines for util- 
ization waste slabs for glued core stock; interior trim from wood waste; 
wood-fiber production with revolving disk mills; effect some manufactur- 
ing variables the properties fiberboard prepared from milled Douglas- 
Fir; small hydraulic log barker; mechanical methods bark removal; 
studies the chemical composition bark and its utilization structural 
boards; research industry laboratories; history furniture finishes; 
finishes’ resistant alcohols and acids; low-bake synthetic finishes; simple 
testing methods for finishers; planning floor space for woodworking equip- 
ment; maintenance and operating practice for tungsten 
Regular price $8.00 Now $2.50 


1949—Vol. MATERIAL, FURNITURE, PLYWOOD, UTILIZA- 
TION, GLUES, SEASONING. papers, 607 pp. 


Articles cover: more wood per acre; integrated wood utilization Crossett; 
harvesting sawlogs; portable wood chippers; wood fibers from veneer waste; 
small permanent-type sawmills better forest utilization; pulpwood han- 
dling the Lake States; tropical wood research for the furniture indus- 
try; effect plywood glue lines the accuracy moisture-meter indi- 
cations; No. common Northern hardwood lumber for mechanized proces- 
sing into glued products; cut stock from western softwoods; assembly 
material furniture manufacture; supplementing wood with metal 
furniture manufacturing; extending hot press urea resin with wheat and 
rye flour; furniture finishes; lumber core panels; rotary veneer cutting; 
molding plywood; insert-point circular headsaws; ills besetting the furni- 
ture industry; utilization Redwood bark; utilization waste sulfite 
liquor concrete; semichemical pulping; dry-formed boards bonded with 
resins; wood, plywood and hardboard; compreg-resin-treated densified 
wood; wood preservatives; wood boring beetles; ignition temperatures 
fireproofed wood, untreated sound wood, and untreated decayed wood; 
wood waste disposal and air pollution control the Los Angeles area; 
pulp mill pollution; chemical composition Ponderosa and Sugar Pine 
barks; lumber recovery from Douglas Fir logs British Columbia; resin 
adhesives; development working stresses for stress-grade lumber; design 
and performance laminated wood trusses; glued laminated wood; glued 


laminated Wej-weld frames; radio frequency heating. Regular price $8.00 
Now $2.50 


30-A 


IV—MILLING, CONTAINERS, QUALITY CONTROL, PLY- 
WOOD. papers, 506 pp. 


Articles cover: quality second growth Douglas Fir; grading problems; 
quality control and the improved seasoning processes the Redwood indus- 
try; saw teeth action; lumber research meet modern competition; 
hardwood log grading; recent developments containers; 
method utilizing and fabricating waste lumber; tests strapped and 
lightweight lettuce crates; recent developments containers; papermaking 
fibrous raw materials; utilization low-grade hardwoods and softwoods; 
relation between wood and pulp properties; power vs. hand. falling and 
bucking logging operations; handling pulpwood; quality control 
sawmill operations; hardwood plywood quality control; quality control 
furniture production; defect detection equipment; non-destructive testing. 
Regular price $8.00 Now $2.50 


1951—Vol. MACHINING, PRESERVATION, UTILIZATION, 
GLUES, KILN DRYING. papers, 400 pp. 


Articles cover: circular sawmills the Tennessee Valley region; quality 
control lumber manufacture; gangsaws the manufacture southern 
pine lumber; tropical hardwood production; logging and military equip- 
ment availability; defense and the availability woodworking equipment; 
the importance wood the mobilization program; mobilization require- 
ments for technical men the woodworking industry; lumber conservation 
military procurement and container design; military requirements for 
wood packaging; wood requirements for specialized military uses; the 
place small business the military procurement program; marine lam- 
inating; selecting White Oak for bending lumber; machinability studies; 
carbide cutting tools the wood industry; carbides; fire retardant treated 
lumber; wood preservation with particular reference creosote; what the 
furniture industry expects from college-trained men; the scope and objec- 
tives college training; graduate training forest products technology. 
Regular price $10.00 Now $2.50 
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Agar, When Can Log Air? 
17-A 
Arseneau, See Risi, 


Beach, Fork Lift Truck for Han- 
dling Forest Products. 

Bethel, and Barefoot, Can Lum- 
ber Compete? 

Blomquist, Developments Glues 
and Gluing. (Ann. Rev.) 

Boggs, See Luner, 

Bonderson, Water Pollution Control 
California Forest Industry Develop- 

Bornstein, Chemical Foam Extension 
Urea Formaldehyde Glues. 10: 

Boyd, and Esmay, Practical, 
Low-Cost Roof Framing for Light Build- 

ings. 12: 

Bramhall, and Connors, Factors 
Affecting the Amount Naphthalene 
Condensate During Boiling Under Vac- 
uum Creosote. 211 

Evaluating Natural Finishes. 
10: 282 


Burpee, How Build Better Frame 
Homes. 21-A 


Calvert, High-Temperature Kiln- 
Drying Lumber—A Summary Cana- 
dian Progress. 200 

Campbell, Jr. Rapid Delamination 
Test for Plywood. 118 

Carlson, Veneer and Lumber Void 
Filler. 

Chateaneuf, Statistical Quality Control 
Pays Woodwork. 19-A 

Chrismer, F., and Hart, Predic- 
tion Equation for Veneer Drying Sched- 
ules. 137 

Clark, Effect Tension Wood 
Seasoning and Machining Eastern 
Cottonwood. 109 

Clark, and Headlee, Roof 
Your Lumber and Increase Your Profits. 
12: 19-A 

Some Factors Influencing the Design 
Douglas-fir Plywood Panels. 226 

Connors, See Bramhall, 

Conway, Factors That Affect Cost 
Hardwood Kiln Drying. 21-A 

Corder, Suspension Drying Saw- 

Coté, Electron Microscope Studies 
Pit Membrane Structure Wood. 
10: 296 

Cottrell, Specialized Plywood Press- 
ing Equipment. 

Currier, High Drying Temperatures 
—Do They Harm Douglas-fir Veneers. 
128 
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Diagrams for the FPL Toughness Test. 

Electrical Resistance Wood Several 
Moisture Contents. 160 

Dickinson, and Nearn, Survey 
Veneer and Plywood Research Facili- 
ties the United States. (Ann. Rev.) 

Duff, Carbide Wood Cutting Tools. 


Eades, Differentiation Sapwood 
and Heartwood Western Hemlock 
Color Tests. 104 

Eason, Technological Advances 
Veneer and Plywood Materials, Machines, 
and Methods. 

Elliott, Spiral Grain Second- 
Growth Douglas-fir and Western Hem- 
lock. 205 

Elmendorf, and Vaughan, Survey 
Methods Measuring Smoothness 
Wood. 10: 275 

Ericks, Method for Dimensional 
Stabilization Wood and Wood Ve- 
neer. 197 

Estep, Survey Adhesives for Edge 
and End Gluing. 10: 

Clear Finishes for Exterior Wood Sur- 
faces. 


Ferris, Helicopters for Forest Resource 
Managers. 12-A 

Fiehl, Reducing Heat Distortion 
Knife and Pressure Bar Assemblies 
Veneer Lathes. 216 

Field, Residues from the Sawmill 
Smoke Profit? 11: 

Fowler, Packaging Lumber Saves 
Time and Money. 10: 

French, The Challenge Before the 
Lumber and Plywood Industries. 

Fujii, Effect Overlay Material 
Flexural Properties Commercial Parti- 
cle Board. 219 


neous Components Western Red 
Cedar. 189 

ming. 30-A 

Group Discussion, Industry-Education Busi- 
ness Meeting. How Can Get More 
and Better Students Study Forest 
Products Technology? 


Haigh, Equipment and Costs for 
Profitable Charcoal Briquetting. 10: 


Harper, Role Federal Government 
Forest Products Research. 10: 
Harris, Saeman, F., and Locke. 
Chemical Conversion Wood 
Residues: Part Separation and Utiliza- 
tion Hardwood—Hemicelluloses. 
248 

Hart, Development Highly Ac- 
celerated Test for Water-Resistant Hard- 
wood Plywood. 113 


Haskell, Strength Properties Ten- 
sion Wood and Typical Wood Lean- 
ing Eastern Cottonwood Tree. 

Hassler, Action Carbon America 

Hatfield, Report Wood Preservation 

tion Creosote Japanese Cedar Poles. 
27-A 

Hergert, Chemical Composition 
Cork from White Fir Bark. 11: 335 

Herrick, and Bock, Thermo- 
setting, Type Adhe- 
sives from Bark Extracts. 10: 269 

Hoffman, Five Ways Can Pre- 
serve Our Wood Markets. 10: 

Hofstrand, Relationship Specific 
Gravity Moduli Rupture and Elas- 
ticity Commercial Hardboard. 177 

Hooker, Utilization Hardwood 
Logging Residue. 

Huber, Preservation Particle 
Board. 12: 356 

Hudson, Colorimetric Determination 
Creosote Old Poles. 11: 340 

Huffman, Kiln Drying Southern 
Hardwood Crossties. 165 

Hunt, Factors Selecting Log 
Barker for the Western Pine Region. 
31-A 

Woodworking Industry. 

Hyler, Principles Involved Match 
Ripping. 242 

Hyler, Significance Knife Marks 
Lumber Core Surfaces. 10: 


Johnson, Applying Finishing Mate- 
rials with 
Coater. 10: 


Kellogg, Strain Behavior Wood 
Subjected Repetitive Stressing Ten- 
sion Parallel the Grain. 10: 301 

Kennedy, Strength Retention 
Wood Decayed Small Weight Losses. 
10: 308 

King, Strain Behavior Wood 
Tension Parallel the Grain. 11: 330 

King, Evaluating Quality Black 
Walnut Sawlogs. 243 

Knokey, Continuous Method Scarf 
Jointing Plywood Panels. 

Kohn, Properties and Uses Balsa. 
27-A 


31-A 
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Lance, History and Development 
Wood Preservation for Millwork. 10: 
61-A 

Latimer, Review Quality Control 
Woodworking. (Ann. Rev.) 

Lewis, Use Deveiopment for Par- 
ticle Board. 

Resin Treatment and Upon 
the Weathering Veneer 
Laminates. 230 

Lubeck, Finishing Developments— 
1957. (Ann. Rev.) 

Luner, Dubey, A., Boggs, A., and 
Wiley, Upgrading Spent Sulphite 
Liquor Sugar Removal. 


tribution Fungicidal Extractives 
Target Pattern Heartwood Western 
Red Cedar. 107 

Marian, Adhesive and Adhesion Prob- 
lems Particle Board Production. 172 

Marian, E., Stumbo, A., and Maxey, 
Surface Texture. 12: 345 

Plastics Protective Coatings for Wood. 
25-A 

Marra, Particle Board 
12: 

Martin, Color Control Wood 
Finishing. 

Mater, Developments Milling-— 
1957. (Ann. Rev.) 

Mater, Power Requirements Log 
Carriage Setworks. 154 

Automate Your Lumber Handling. 10: 
83-A 

May, See Miller, 

Mayhew, New and Revolutionary 
Method Allocating Costs Veneer 
Grades. 

McCaslin, Fundamental Techniques 
Involved Efficient Spray Finishing. 
10: 

McGowan, and Yelf, Im- 
proved Device for Measuring the Defor- 
mation Wood Specimens Compres- 
sion Parallel Grain. 10: 314 

McKean, and Smith, Pilot 

McKnight, Application Logistic 
Function Toxicity Testing Wood 
Preservatives. 

McKnight, and Merrall, Fungi- 
static Effectiveness and Leachability 
Copper Abietate and Formate Preserva- 
tives. 256 

McLaughlin, and Spisa, Fast, 
Mechanized Ways Unload Lumber 
from Box Cars. 10: 77-A 

McMillen, Relation Mechanical 
Properties Wood and Nosebar Pres- 

McSwain, Design, Economics, and 
Related Properties End and Edge 
Joints Commonly Use. 

Merrall, See McKnight, 

Miller, and May, Procedure for 
Measuring Volume Small Wood 
Samples. 224 

Miniutti, Fire-Resistance Tests 
Solid Wood Flush Doors. 141 


Nearn, and Clarke, Dowel 
32-A 


Joint Strength: Effect Dowel Type, 
Hole Size, and Adhesive. 11: 326 


Species and Between Species. 180 


Olin, Mobile Radio, New Tool 
Logging Operations. 10: 

Olson, Meyer, J., and Gooch, 
Pentachlorophenol and Heavy Pe- 
for Preservative Treatment 
Railway 


Page, and Carter, Variation 
Moisture Content Air-Seasoned 
Southern Pine Georgia. 

Panel Discussion. Quality Control Com- 
position Boards. 11: 

Patnode, Role Private Industry 
Forest Products Research. 10: 43-A 

Pauley, and Baidorf, Practical 
Production Analysis. 

tion. (Ann. Rev.) 

Methods for Sampling Timber. 
263 

Mechanical Properties White Spruce 
and Red Pine. 235 

Pfeiffer, Drying Pays 
Dividends. 11: 

Fungal Decay Benzidine Test for 
Distinguishing Heartwood and Sapwood 
Pine. 157 

and Resin Content Bending Strength 
Oak Flake Board. 10: 317 

Pounds, Laminated Prefinishing 
Composition Board. 


Reeves, Methods Attaining Greater 
Logging Safety. 

Reynolds, Status Tungsten Car- 

Richards, Marine Coat- 
ings for Use Over Pressure 
Wood. 240 

Richards, Simplified Tension Tests 
for Wood. 

Richards, End Gluing Lumber. 

Risi, and Arseneau, Dimensional 
Stabilization Wood: Part Phtha- 
loylation. 252 

Roderick, More Wood Research: 
Essential for National Security. 16: 

Ross, Statistical Quality Control 
Program. 


Sardo, H., Jr. Pallets Play Impor- 
tant Part Materials Handling. 

Schuerch, Separation and 
Hemicellulose, Cellulose, and Hydro- 
genated Lignin from Sawdust. 150 

Seip, Economic Aspects Particle 
Board Operation. 

Selbo, Curing Rates Resorcinol 
and Phenol-Resorcinol Glues Lami- 
nated White Oak Members. 145 


Educational Institutions Forest Prod- 
ucts Research. 10: 

Present and Future Uses Helicopters. 
9-A 

Simmons, Developments Logging 
—1957. (Ann. Rev.) 

Simmons, Engineering Approach 
Logging and Milling. 

Skaar, Mechanism Moisture Move- 
ment Beech Below the Fiber-Satura- 
tion Point. 12: 352 

Sloan, Helicopters Logging Oper- 
ations. 

Smith, Evolution Quality Con- 
trol System for Particle Board 

Spalt, Fundamentals Water Vapor 
Sorption Wood. 10: 288 

Stearns, Properties and Uses High- 
Density Imported Woods. 11: 

Suddarth, Transformer-Type Strain 
Gage for Wood. 


Tarkow, and Turner, Swelling 
Pressure Wood. 193 

Timber. 31-A 

Townsend, Helicopters for Forest 
Operations. 

Turner, See Tarkow, 


Vannoy, Blister- and Stain-Resistant 
Paints. 

Vasiliou, Reduce Woodworking Costs 
Through Methods Improvement. 10: 
84-A 

Vaughan, See Elmendorf, 


Setter-Operated Carriages. 36-A 

Weill, Cemented Tungsten Carbides 
and Their Application the Woodwork- 
ing Field. 21-A 

White, Recent Developments 
Double-End Tenoners and Borers. 10: 
74-A 

Wier, P., Jr. Lumber Treatment the 
Vacuum Process. 

Wilde, Marketable Sawdust Com- 
posts: Their Preparation and Fertilizing 
Value. 11: 323 

Wiley, See Luner, 

Williamson, and Nearn, Wood 
Wood Bonds with Epoxide Resin— 
Species Effect. 182 

Williston, Analysis the Panel 
Products Field. 

Worley, P., Schmidt, and Duhnk- 
rack, Tree Grade Cruising Possibili- 
ties from Study Second Growth 
White Oak. 214 


Zabel, and Moore, Relative 
Effectiveness Several Oil-Soluble 
Wood Preservatives. 258 

Zuckerman, See Mark, 
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ALABAMA 
International Paper Co., Mobile 


ARKANSAS 


The Crossett Co., Crossett 
Dierks Forests, Inc., Hot Springs 


Warren 


CALIFORNIA 


Carr Co., Sacramento 

High Sierra Pine Mills, Inc., Oroville 

Ivory Pine Co., Dinuba 

Scott Lumber Co., Inc., Burney 

Ralph Smith Lumber Co., Anderson 

Tartar, Webster Johnson, Stockton 
ILLINOIS 

The Dean Company, Chicago 

General Electric, 

Greenlee Tool Co., Rockford 

Edward Hines Lumber Co., Chicago 

Carlson, Chicago 

asonite Corp., Chicago 
Mattison Machine Works, Rockford 
Sherwin-Williams Co., Chicago 


INDIANA 
The Dunbar Furniture Mfg. Co., Berne 
National Homes Corp., Lafayette 
KENTUCKY 
Deluxe Saw Tool Company, Louisville 


LOUISIANA 
Higgins Industries, Inc., New Orleans 


MAINE 
Moose Head Mfg. Co., Monson 


MARYLAND 
Wells, Salisbury 


MASSACHUSETTS 


Draper Hopedale 
Co., Gardner 
Spalding Bros., Inc., Chicopee 


MICHIGAN 


Armstrong Machine Works, Three Rivers 
Baker Furniture, Inc., Grand Rapids 
The Dow Chemical Co., Midland 
Everett Piano Co., South Haven 


MINNESOTA 


Machine Co., Minneapolis 
Minnesota Mining and Mfg. Co., St. Paul 
Rilco Laminated Products, Inc., St. Paul 
Timber Products Chemical Co., Minneapolis 
Wabash Screen Door Co., Minneapolis 


MISSISSIPPI 

Richton Tie and Timber Co., Richton 
MISSOURI 

Monsanto Chemical Co., St. Louis 
MONTANA 

Intermountain Lumber Co.. Missoula 
NEVADA 

Vaughn Millwork Co., Reno 
NEW JERSEY 


National Adhesives, Plainfield 
Western Electric Co., Kearny 


NEW YORK 


Peter Cooper Corps., Gowanda 

The New England Industries, Inc., New York 
Oval Wood Dish Corp., Tupper Lake 
Pierce Stevens Chemical Corp., 
Reichhold Chemicals, Inc., White 
United States Plywood 
The Upson Co., Lockport 


OHIO 


American Machine Foundry Co., Shelby 
The Baldwin Piano Co., Cincinnati 

Coe Manufacturing Company, Painesville 
The Kirk Blum Mfg. Co., Cincinnati 


OREGON 


Inc., Bend 

Cascades Plywood Corporation, Lebanon 
Conroy Publishing Portland 
Forest Fiber Products Co., Forest Grove 
Georgia-Pacific Corp., Portland 

Mater Engineering, Corvallis 

Neils Lumber Co., Portland 

Oregon Lumber Co., Baker 

West Coast Lumberman’s Assn.. Portland 


Buffalo 
lains 
orp., Brewster 


Bradley-Southern Potlatch Forests, Inc., 


California Redwood Association, San Francisco 


Cabinet Plant, Rockford 


FOREST PRODUCTS JOURNAL 


100 Company Supporting Members 


PENNSYLVANIA 


Kennametal, Inc., 

Koppers Company, Inc., Pittsburgh 

Perkins Glue Co., Lansdale 
United States Steel Homes, Inc., Harrisburg 
Wood Metals Industries, Inc., Kreamer 


WASHINGTON 
American Marietta Co., Seattle 
Biles Coleman Lumber Co., Omak 
Cascade Lumber Co., Yakima 
Columbia Plywood Co., Inc., Seattle 
Chelan Box Mfg. Co., Chelan 
Douglas Fir Plywood Association, Tacoma 
International Paper Co., Division, 

Longview 

Simpson Logging Co., Shelton 
Sumner Iron Works, Everett 
Western Pine Mfg. Co., 
Weyerhaeuser Timber Co., 


WISCONSIN 
Decar Plastic Corp., Middleton 
Harnischfeger Corp., Port Washington 
Mosinee Paper Mills Co., Mosinee 
Murray Mfg. Co., Wausau 
Paine Lumber Co., Oshkosh 

CANADA 
Forest Products, Ltd., Vancouver 
British Columbia Lbr. Mfrs. Assa., Vancouver 
Canadian Forest Products Limited, New West- 

minster, 


Kitchener, Ont. 

Knight Mfg. Lbr. Co., Ltd., Meaford, Ont. 

MacMillan Bloedel Ltd., Nanaimo, 


SOUTH CAROLINA 


Lightsey Brothers, Miley 
Poinsett Lumber Mfg. Co., Pickens 


TENNESSEE 


Bruce Co., Memphis 
Chapman Chemical Company, 
Memphis Hardwood Flooring Co., Memphis 
Nickey Bros., Inc., Memphis 


TEXAS 


Wm. Cameron Co., Inc., Waco 
Kirby Lumber Corporation, Houston 
Love Wood Products Texas, Diboll 
Southern Pine Lumber Co., Diboll 


kane 


Industries, 
VERMONT 


Beecher Falls Mfg. Corp., Beecher Falls 


HEAT, 
more economy, 
you burn 


PROFIT, 
lower costs, 
you sell 


When used for fuel, wood scrap reduced chips Williams Hog 
produces maximum evenly restrict flow 


keeps smoke minimum. Handling costs are reduced 
much 75%! 


When processed for sale particle board chips, sawdust wood 
flour, Williams Hog produces better quality, more uniform 


and maintenance costs low. 


Automatic installations for handling wood waste show 
exceptional savings profits. 


Ask for brochure. 


WILLIAMS PATENT CRUSHER PULVERIZER CO. 
2714 No. NINTH STR. ST. LOUIS MISSOURI 


AND LARGEST MANUFACTURER HAMMER THE WORLD 
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New Products—Literature 


New Fastener for Counters 


being produced Van Dyke Indus- 
tries. open-end wrench used for 
installation, the manufacturer reports, 
and can made either wet dry. 
The was designed 
work well close quarters such 
shaped counters. More infor- 
mation available from Van Dyke 
Industries, 3625 Cahuenga Blvd., Los 
Angeles 28, Calif. 


Improved Moulder Announced 


Features the revised 137 
Moulder made the Woods 
Machine Co. have been announced re- 
cently. Adjustments and stock han- 
dling can performed less time, 
the firm reports. 


The machine was designed for ac- 
cessibility the top head and the 
ability remove less than min- 
ute. The top head chip breaker has 


adjustable sectional shoes 


counter-balanced 
springs. The distance between 
operator and the rear stock guide 
less than inches. More information 


e& First Ave. South 


available from the Wood Ma- 
chince Co., Damrell St., Boston 27, 
Mass. 


Five New Sintered 
Carbide Tools Announced 


Five new abrasive products, hand 
sander, wood rasp file, contour 
rasp file, abrasive saw, and 
abrasive saw and sanding disc, which 
incorporate the use crushed sintered 
tungensten carbide, are now being pro- 
duced Functional Products, Inc. 

These products, called are 
produced copper bonding crushed 
tungsten carbide particles steel 
hydrogen atmosphere brazing furnace 
under high temperatures. More infor- 
mation available from Functional 
Products, Inc., 1460 East River Road 
South, Aurora, 


CONSULTING SERVICE 


Consultant engineers with 
headquarters Caracas, Ven- 
ezuela, specialized tropical 
forestry and wood utilization. 
Surveys marketing, forest 


inventories, plant designs, and 
new uses tropical woods. 
Write 


CONSULTANT ENGINEERS 


Apartado del Este 4575 
CARACAS, VENEZUELA 


sets the pace 


sawyer-operated setworks systems. 


FROM H.P. Greater Sawing 
Write for Accuracy 
formation the system Grade Re- 
engineered for your 
production requirements. © Increased Production 

Lower Operating 

Costs 
Reduced Maintenance 


Seattle 8, Wash. 


34-A 


When you know the barking 


9442 Barbur Blvd., Portland Ore. 


Index Advertisers 


Page 
American Cyanamid Co. cover 
Co. 3-A 
Black Brothers Co. 4-A 
Consultant Engineers 34-A 
Greenlee Bros. Co. 2-A 
9-A 


Mattison Machine cover 
Mill Equipment, Inc. 34-A 
Soderhamn Machine Mfg. Co. 34-A 
Washington Iron Works cover 


Wilco Machine Works 34-A 
Williams Patent Crusher 


Wood Treating Chemicals Co. 29-A 


WILCO REFUSE BURNER 


Three Models. Complete Range of Sizes. Lowest- 
cost installation. Prefabricated, one-piece panels. 
Exclusive triple-draft. Sizing engineers available 
to you. 


WILCO MACHINE WORKS, INC. 
Municipal Airport Memphis, Tenn. 


now we’re 
getting 
some place! 


We’re making solid gains 
the fight against cancer, the 
research laboratory, the hos- 
pital and the home. Ten years 
ago medical knowledge was 
today it’s saving 

New surgical techniques, diag- 
nostic methods, and in- 
formed public are important 
reasons for these gains. 


More and more people have 
learned that many cancers are 
curable detected time. 
And, sensibly, more and more 
people have formed the life- 
saving habit annual 
health checkup. They know 
it’s living insurance against 
cancer 


AMERICAN CANCER SOCIETY 

MACHINE MFG. CO. 
Soderhamn, Sweden Talladega, Ala. 
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MILL INC. 


This job illustrates principle which should interest wood- 
working executives who are good judges machinery. 

Most machines are built the usual job well. But, 
when you buy Mattison Moulder, you get machine that 
not only will the job faster higher quality 
standards, but also will deliver something extra for the un- 
expected job that its true rated capacity. 

This ‘‘No. was purchased Turney Wood Products, 
Inc., Harrison, Arkansas, part $120,000 capital expan- 
sion program aimed greater utilization materials and 
increased volume. Maximum capacity 16”, and yet the 
moulder being used exclusively for shaping deep-formed 
pew bottoms which are wide, with 1%” double lead- 
ing edge and beveled back edge. Claude Turney, president 
the company, says: job requires extremely heavy 
cut for the bottom head which shapes the pew seat, and for 
the inside head well. The Mattison No. 228 Moulder does 
excellent job and saves many dollars sanding 
operations over the way were doing 


MATTISON 


WOODWORKING MACHINERY 


This section wide pew seat taken from regular 
stock run the Mattison No. 228 Moulder Turney Wood 
Products, Inc., reveals the smooth surface finish after being 
shaped the bottom head. 


MATTISON MACHINE WORKS 
545 Blackhawk Park Avenue 
Rockford, 


Gentlemen: 


Ability handie the UNEXPECTED... 
acid test woodworking machinery 


unusual job Turney Wood Products, Inc., Harrison, Ark. 


Please send bulletin describing Moulders. 


Name 


Address 
City 


State 
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...another Washington-built 
flakeboard press installation 


Above Washington-built ejector, unloader, 
16-opening hot press, loader and injector 
the Gray Products plant. Below flakeboard 
mat injector enters elevating loader. 


Have you received your copy the 16-page 
brochure “Washington presses and accessory 
equipment?” For inside look leading 
board plants write for your FREE copy today. 


HOT PLATE PRESSES PULP BALING PRESSES SPECIAL HYDRAULIC PRESSES AUTOMATIC PRESS 
LOADERS AND UNLOADERS COMPLETE DRY PROCESS HARDBOARD FORMING LINE EQUIPMENT 


LOCATION: Waverly, Virginia 
PLANT ENGINEERS: Miller Hofft Inc. 
PRODUCT: Graco FLAKEBOARD 


Gray Products Company, Inc., Waverly, Virginia, produces million feet 
Graco Flakecore yearly their new plant, the world’s largest Miller Hofft 
particle board system. Key equipment this system includes Washington 
16-opening hot press, loader and unloader for completely automatic opera- 
tion the entire curing stage flakeboard manufacture. 


The 1790-ton press produces Flakecore thicknesses from 
panels five ten feet. Quality Graco board finds many applications 
core stock furniture manufacture and high pressure laminates. 


Washington press equipment designed and engineered meet the pro- 
duction and process requirements each board plant and system. That 
why Miller Hofft, Inc., has specified Washington-built equipment all 
the last eight plants they have engineered. For complete information write 
Washington Iron Works, 1500 Sixth Avenue South, Seattle Washington 


WASHINGTON 
IRON WORKS 


af 
> 
cessory 


